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To  His  Excellency,  Edwin  Warfiekl, 

Governor,  and  President  of  the  Board  of  Trustees, 
Annapolis,  Md. 

Sir: — In  accoi  dance  with  the  provisions  of  Section  No.  3,  of  the 
Act  of  Congress,  approved  March  2nd,  1887,  "To  Established  AgricuK 
tural  Experiment  Stations",  etc.,  I  have  the  honor  to  transmit  the 
Seventeenth  Annual  Report  of  the  Maryland  Experiment  Station  for  the 
fiscal  year  ending  June  30th.  1904. 

Very  respectfully  yours, 

H.  J.  PATTERSON, 
July,  1904.  Dirpctor  of  the  Experiment  Station, 


THE  MARYLANB" 

AGRiCflirUllAl  EXPERIMENT  STATION. 

Volume  t7. '  1903-1904. 


Report  on  fh€  Wdrk  and  Expenditures  of  Maryland 
Agriciritura!  Experiment  Station. 

FOR'TH^  YEAR  ENDING  JUNE  30.  190a. 


By  H.  J.    PATTERSON  Director. 


The  duties  imposed  uj)Oti  an  agricultural  experiment  fettltroil  are  quite 
t3omprehensive  and  varied  yet  there  is  one  point  which  is  commonly  over- 
looked })y  the  general  public  Avhich  in  a  measure  circumscribes  the  work 
and  function  of  the  station.  The  law  while  giving  a  range  of  subjects' 
for  consideration  yet  specifically  designates  that  the  station  shall  conduct 
researches  or  experiments  bearing  directly  upon  the  agricultural  industry 
of  the  United  States.  Section  2  of  the  Hatch  Act  defines  the  work  and 
it  is  as  follows; 

' '  That  it  shall  be  the  object  and  duty  of  said  experiment  stations  to  con- 
Juct  original  researches  or  verify  experiments  in  the  physiology  of  plants 
andauimals;  the  diseases  to  M  hich  they  are  severally  subject  with  the  reme- 
dies for  the  same;  the  chemical  composition  of  useful  plants  at  their  dif- 
ferent stages  of  growth;  the  comparative  advantages  of  rotative  cropping 
as  pursued  under  a  varying  series  of  crops;  the  capacity  of  new  plants  or 
trees  for  acclimation;  the  analysis  of  soils  and  waters;  "the  cliemical  com- 
position of  manures  natural  or  artificial  with  experiments  designed  to 
test  their  comparative  effects  on  crops  of  different  kinds;  the  adaptation  and 
value  of  grasses  and  forage  plants;  the  composition  and  digestibility  of  the 
different  foods  for  domestic  animals;  the  scientific  andecomomic  questions 
involved  in  the  production  of  butter  and  cheese  and  such  other  researches 
or  experiments  bearing  directly  on  the  agricultural  industry  of  the 
United  States  as  may  in  each  case  be  deemed  advisable  having  due  regard 
to  the  varying  conditions  and  needs  of  the  respective  States  or  Territories." 

Wide  as  is  the  range  of  work  designated  by  this  law,  yet  there  are 
many  things  which  it  seems  desirable  to  do  so  as  to  bring  the  work  of  the 
Station  in  touch  with  the  people  and  in  order  to  conform  to  public  de- 
raands  though  it  is  not  strictly  research.  All  who  have  had  to  do  with 
the  practical  working  of  an  experiment  station  recognize  tliat  it  is  neces- 
sary to  conform  in  a  measure  to  the  popular  demands  and  notions  of  the 
practical  farmers. 

The  demands  for  information,  of  a  character  which  has  long  passed 
the  experimental  stage,  by  letter,  by  lecturers  at  farmers'  meetings  of  var- 
ious kinds,  and  by  visit  to  individual  farms  is  constantly  on  the  increase. 


This  class  of  work  draws  lieavily  upon  the  ,tiij)e  of  .fhe  investigators  aad 
considerably  lessens  the  amount  of  ;iew;  information  that  can  be  atvq,uired. 
Nevertheless  it  is  deemed  necessary  for  the  Station  to  include  this  field  ■of 
labor  within  its  province  and  the  only  way  that  the  full  demands  mayite 
met  will  be  to  have  the  State  proyide  for  the  expense  incurred  and -so 
not  encroach  on  the  proper  expenditui'e  ,  of  the  "Hatch"  fund.  AS'to 
the  work  in  progress  at  this  Station,  it  maybe  said  in  general  that  all  kas 
gone  smoothly  and  that  everyone  conn ectqd  with  the  Station  has  seem-' 
ingly  put  forth  their  best  efforts  towards  advancing  the  best  interest  of  the 
Station  as  a  whole,  as  well  as  the  particular  division  with  which  they  are 
concerned. 

EXPERIMENTS  JN.^ROGRESS. 

Most  of  the  ej:periments  in  progress  were  ,  quite  fully  outlined  in  the 
sixteenth  annual  report  so  ithat  it  vYPuJ<J  seem '  unnecessary  to  repeat  the 
list  here,  but  only  to  make  mentjipn  of  -the  changes  and  additions  which 
have  been  made  during  the  past  year. 

AG^BONOMY. 

There  have  been  no  new  l.ines  of  wprk  taken  up  in  this  division  dur- 
ing the  past  year,  but  spme  of  tjiose  already  in  progress  have  been  much 
broadened  and  developed.  Pajt;iqi3|larly  is  ^his  tr^ie  of  the  work  with 
corn  and  alfalfa. 

The  improvement  of  corn  by  |breed,ing  .and  selection  has  become  of 
very  much  interest  to  Maryland  fajrmers  and  has  manifested  itself  by  the 
organization  of  the  Maryland  Corn  Breeders'  Association.  The  work  of 
this  association  can  be  of  great  benc'fit  to  the  state  when  fully  developed; 
but  for  full  development  they  need  the  cOipperation  of  an  institution  such 
as  ours.  In  order  that  you  may  realize  the  great  possibilities  of  the  corn 
crop  of  the  state,  I  will  call  your  attention  to  the  following  facts; 

There  is  grown  in  Maryland  annually  about  650,000  acres  of  corn 
yielding  about  six  barrels  or  thirty  bushels  per  acre.  The  work  of  this 
Station  on  corn  breeding  has  shown  quite  conclusively  that  by  following 
the  results  we  have  obtained,  that  the  average  yield  should  be  raised  at 
least  ten  bushels  per'  acre.  This  increase  would  mean,  at  the  average  price 
for  corn,  over  two  and  one-half  millions  of  dollars  ,more  annually  in  the 
farmer's  pockets.  These  corn  investigations  have  not  only  shown  that  the 
yield  can  be  increased,  but  also  that  the  feeding  quality  can  be  improved. 
Average  corn  contains  only  about  8.5  per  cent  protein  while  most  of  the 
800  samples  of  corn  that  have  been  analyzed,  jn  connection  with  our  in- 
vestigations, have  shown  over  10  per  cent  protein  and  some  samples  as 
high  as  12.5  per  cent.  Surely  ,vith  such  a  prize  before  us  there  ghould  be 
a  greater  effort  than  at  present  to  accomplish  the  result,  and  the  equiv- 
alent of  one  man's  time  could  be  profitably  employed  in  this  work.  What 
is  true  of  corn  is  also  true  of  wheat,  hay  and  pasture  crops.  There  have 
been  spasmodic  efforts  made  to  grow  alfalfa  in  Maryland  for  more  than 
twenty  years,  but  generally  the  efforts  have  resulted  in  failures.  It  has 
now  been  shown  that  the  soil  lipon  which  this  crop  is  to  grow  must  first  be 
inoculated  with  a  bacteria  which  will  develop  on  the  alfailfa  root  and 
enable  the  plant  to  utilize  the  atmospheric  nitrogen.  When  this  cojidition 
18  provided  there  Avill  be  thousands  of  acres  devoted  tp  this  yailuable  crop 
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audi  result  in  the  improvement  of  the  fertility  of  the  farms  and  cheapen  the 
cost  and'  increase  the  production  of  milk,  butter,  beef,  pork,  mutton  and 
egg's. 

CHEMICAL  DIVISION. 

This  divi'sion,  beside  analyzing  numerous  miscellaneous  samples  dur- 
ing the  year  has  determined  the  protein  and  fat  in  over  800  samples  of 
corn  in  connectioTi  with  the  corn  breeding  work. 

The  in^vestigations  mentioned  in  the  16th  report  have  been  continued 
and  studies  On  two  new  subjects  begun,  as  follows; — 

1st.  Studies  of  the  relative  sweetness  of  different  varieties  of  sweet 
6orn.  This  work  has  been  taken  up  as  a  basis  for  future  experiments  up- 
on the  breeding  of  sweet  corn,  so  as  to  increase  the  sugar  conteiit  and  im- 
prove in  other  ways  the  qualities  of  sweet  corn  for  the  canning  industry. 

Maryland  devotes  annually  about  17,000  acres  to  sweet  corn  andpacks 
about  one  million  cases  of  corn.  Most  of  this  corn  requires  the  addition 
of  sweeteuing  materials  in  order  to  meet  the  re(|uirements  of  the  trade, 
in  view  of  our  present  knowledge  of  the  corn  plant  we  cen  reasonably  ex- 
pect, that  by  breeding,  to  produce  a  corn  that  is  much  richer  in  sugar 
than  that  grown  at  present,  and  also  to  improve  this  crop  in  many  ways  so 
ias  to  make  it  better  adapted  to  our  climate  and  soils  and  also  to  the  pur- 
poses for  which  it  is  grown.  Maryland  purchases  annually  ,  from  other 
States,  8000  to  4000  bushels  of  sweet  corn  seed  the  bulk  of  which  has  been 
grown  in  the  New  England  states.  The  yield  of  sweet  corn  in  those  states 
is  from  40  per  cent  to  60  per  cent  higher  than  in  Maryland.  This  fact 
coupled  with  repeated  observations  and  comparisons  with  a  Maryland 
grown  variety  has  shown  that,  the  Maryland  seed  is  much  better  adapted 
to  our  climate  than  the  New  England  seed.  There  are  other  sections  giv- 
ing the  canners  of  this  state  strong  competition  in  the  canning  industry, 
and  it  behooves  us  to  look  towards  the  improvement  of  our  products  if 
the  state  is  to  maintain  her  position  of  first  in  canned  tomatoes  and  peas, 
and  fourth  in  corn. 

2nd.  The  second  new  line  of  work  taken  up  by  the  chemical  depart- 
ment is  a  study  of  the  character  and  extent  of  the  soil  areas  which  con- 
tain an  excess  of  soluble  salts. 

Our  investigations  have  shown  that  some  soils  in  Maryland  contain  a 
larger  amount  of  soluble  salts  than  exists  in  some  of  the  alkali  soils  of 
the  west.  This  condition  is  detrimental  to  crops  and  it  is  the  purpose  to 
study  the  character  of  these  soluble  salts  and  determine  the  means  of 
correcting  the  difficulty.  Then  to  locate  the  areas,  as  far  as  possible,  and 
point  out  the  crop  symptoms  which  indicate  this  condition. 

DAIRY  DIVISION. 

In  addition  to  the  work  outlined  in  the  16th.,  report,  the  dairy  di- 
vision has  completed  investigations  and  prepared  them  for  publication 
on  the  following  subjects; — 

1.  A  study  of  the  change  in  milk  during  the  period  of  heat  of  the 
animal. 

2.  Comparison  of  the  feeding  values  of  alfalfa  hay,  corn  silage,  cow 
pea  silage. 
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3.  A  study  of  herd  recoi'ds  as  to  the  proper  time,  during  the  milking 
period,  for  making  weighings  and  fat  tests. 

In  addition  to  his  regular  duties  Mr.  Doane  spent  considerable  time, 
during  the  past  year,  in  going  over  the  State  to  collect  data  and  in  prepar- 
ing a  booklet  on  "The  Dairy  Industry  in  Maryland"  for  the  St.  Louis 
Exposition  Commission. 

The  dairy  division  has  under  way  a  study  of  the  initial  acidity  of 
milk  with  a  view  of  fixing  a  basis  for'  determining  when  milk  is  too  old 
for  use. 

This  division  is  now  preparing  to  collect  some  data  to  determine  the 
relative  profits  of  making  butter  on  the  farm,  at  a  creamery,  shipping 
milk  or  shipping  cream,  and  also  at  the  same  time  obtaining  figures  to 
show  the  relative  profits  in  dairying,  as  conducted  by  the  uninformed  and 
the  up-to-date  dairyman. 

HORTICULTURAL  DIVISION. 

The  new  work  started  during  the  past  year,  in  addition  to  that  given 
in  the  16th.,  report,  is  as  follows; 

1st.,  The  extension  of  the  work  oa  cover  crops  and  orchard  culti- 
vation. 

2ud.,    A  study  of  various  ways  of  pruning  the  peach. 

3rd.    A  cherry  orchard  of  nineteen  varieties  was  started  this  spring. 

4th.  A  nut  orchard,  consisting  of  the  leading  varieties  of  American 
and  Japanese  chestnuts,  American  and  English  walnuts,  butter  nuts, 
hickory  nuts,  pecans  and  filberts,  has  been  started. 

6th.  An  investigation  of  the  efiect  of  different  kinds  of  stocks  upon 
which  to  work  apples  and  pears  has  been  begun. 

The  small  fruit  plantation  set  out  in  1903  promises  fine  results  for 
this  season.  So  far  the  indications  are  for  good  crops  of  currants  and 
gooseberries.  Of  the  nine  varieties  of  red  rasp-berries  planted,  only  one 
variety  can  be  said  to  be  good,  two  varieties  fair,  and  six,  either  total  fail- 
ures or  very  poor.  Of  the  eleven  varieties  of  black  rasp-berries,  three  are 
good,  three  fair,  and  five  very  poor-  Of  the  twenty  varieties  of  black-ber- 
ries,  ten  are  good,  three  fair,  and  seven  poor. 

DIVISION  OF   BOTANY  AND  PLANT  PATHOLOGY. 

Most  of  the  time  of  those  employed  in  this  department  has  been  spent 
in  the  inspection  work  incident  to  the  carrying  out  of  the  provisions  of 
the  State  Horticultural  Law.  One  of  the  chief  duties  imposed  by  this 
law  ia  the  control  of  peach  yellows,  and  it  is  gratifying  to  note  that  when 
this  work  was  started,  five  years  ago,  20  per  cent  of  the  trees  inspected 
were  found  to  be  diseased  while  the  past  year's  inspection  showed  only  two 
per  cent. 

The  following  new  lines  of  woi"k  have  received  attention  during  the 
past  year,  in  addition  to  those  listed  in  the  16th.,  renort. 

1.  Ah  orchard  of  75  trees  has  been  set  to  make  a  study  of  crown 
gall  on  apples. 

2.  Comparison  of  dust  and  solution  spraying. 

3.  A  study  of  the  varieties  of  fruits  and  vegetables  resistant  to 
•diseases. 

4.  Cabbage  diseases. 


5.  Com  Smut. 

6.  A  study  of  the  effect  of  feftfliziog' elements-  ouithe  natural"  vege^- 
tation  in  open  uncultivated  fields.. 

7.  The  Assistant  Botanist  has-  started  on^  a  preliminary  study  of" 
the  types  of  tobacco  grown  in  the  states-,  in  relation-to  the  soils  and  condi- 
tions, with  an  idea  of  doing  some  work  in  breeding  and  selection  so  as  to 
improve  the  crop  from  the  seed  and  vari'^ty  stand-point.  This  work 
would  seem  to  be  prodnctive  of  valuable  results-  but  will  need  more  time 
devoted  to  it. 

The  pathological  and  entomologfcal  divisions  are  badly  in  need  of  a 
kpecially  constructed  green  house,  in  order  to  carry  forward  their  investi- 
gations, and  as  the  provisions  have  been  made  for  the  house,  I  think  it 
would  be  well  for  the  experiment  station  to  give  as  much  help  as  possible 
toAvards  procuring  the  necessary  equipment  for  the  same. 

DIVISION  OF  ENTOMOLOGY.. 

The  most  of  the  time  of  this  divison,  as  -well  as  that  of  Botany,  has  ■ 
been  spent  in  the  State  Horticultural  Inspections.  The  work  of  this  division 
has  been  done  at  a  disadvantage  owing  to  the  frequent  changes  of  the  assis- 
tants. There  have  beeii  three  changes  in  this  position  during  the  year. 
These  changes  have  been  caused  by  voluntary  resignation  in  order  to  ac- 
cept better  paying  positions  elsewhere.  This  division  has  inspected  over 
700,000  fruit  trees  during  the  past  year,  of  this  number  about  15  per  cent 
being  found  to  be  infested  with  San  Jose  scale.  During  the  past  spring, 
under  advice  from  this  department,  about  377,000  ti'ees  have  been  sprayed 
for  the  scale. 

This  division  is  continuing  the  investigations  listed  in  the  last  re- 
port and  has  satisfactorily  inaugurated  a  series  of  experiments  for  con- 
trolling the  ravages  of  the  root  maggot,  on  cabbage,,  which  has  been  quite 
prevalent  this  year. 

VETERINARY  DIVISION. 

This  division  being  connected  with  the  Station  largely,  in  a  consult- 
ing capacity,  does  not  devote  much  time  to  investigations,  and  nothing 
has  been  taken  up  during  the  past  year.  The  veterinarian  made  during 
the  past  month  the  annual  tuberculin  test  of  the  herd',  and  found  twelve 
of  the  young  and  old  to  respond.  These  animals  were  disposed  of  at  once. 

The  results  of  these  tests  has  given  some  valuable  data  for  the  study  of 
the  hereditary  tendency  of  the  disease;  but  as  the  disease  has,  in  most  cases, 
been  found  to  exist  in  our  best  cows  and  cows  most  valuable  in  con- 
nection with  other  investigations,  it  will  be  seen  that  this  trouble  has 
been  serious  to  our  work  as  well  as  caused  considerable  financial  loss  to  the 
institution.  Some  recent  discoveries  give  some  hope  of  being  able  to  cure 
the  disease.  If  successful,  this  will  prove  of  great  advantage  to  the  dairy 
industry,  for  there  seems  to  be  but  little  doubt  but  that  tuberculosis  can 
be  transmitted  from  animal  to  man.  Observations  have  shown  that  a  dry 
atmosphere  and  stables  that  are  well  ventilated  and  which  admit  of  con- 
siderable sunlight  in  all  parts,  are  freey  from  this  trouble  than  are  the  dark, 
pnes.        ,  " 
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CO-OPERATIVE  AND  DEMONSTRATION.  EXPERIMENTS.- 

The  co-operative  experiments  outlined  in  tlie  previous  report  are  still 
in  progress.  There  is  more  room  for  work  of  this  nature,  But  from  past 
experiences  we  have  found  that  it  is  useless  to  undertake  such  experi- 
ments, unless  detailed  supervision  of  them  can  be  given  by  persons  trained 
in  such  work  and  also  unless  the  station  is  ready  to  meet  all'the  extra  ex- 
jtenses  incurred  in  them. 

We  have  numerous  demands  made  upon  us  from  time  to  tiime  for  in- 
vestigations to  be  conducted  in  various  parts  of  the  state  so  as  to  meet  the 
local  conditions.  We  grant  that  such  tests  are  desirable  and.  TOluable,  but 
few  of  those  who  ask  for  such  work  realize  the  difficulties  which  attend 
it  or  the  time  and  expense  that  would  be  involved.  iMH 

Not  only  would  it  be  desirable  to  conduct  experiments  in  different 
parts  of  the  state,  but  many  times  the  demonstrations  of  the  results  ob- 
tained here  Avoiild  be  valuable  in  enabling  the  station  to  reach  the  people 
in  a  way  that  a  bulletin  can  not,  and  in  getting  them  to  adopt  many  things 
which  would  be  of  great  advantage. 

There  has  come  to  us  from  citizens  in  Harford  and  Caroline  counties 
a  suggestion  that  would  seem  to  offer  an  opportunity  to  do  such  work  and 
to  solve  the  difficulties  which  has  confronted  it.  The  suggestion  is  as 
follows;  That  the  Alms  house  farms,  which  are  maintained  by  most  of 
the  counties,  should  be  placed  in  charge  of  a  trained  si^iperintendent  and 
a  man  capable  of  conducting  investigations  under  the  direction  of  the  Ex- 
periment Station,  and  that  such  farms  be  used  as  co-operative  and  dem- 
onstration farms  by  the  Experiment  Station..  I  believe,,  the  idea,  is  a 
good  one  and  could  be  carried  out  at  a  small  additional' cost  to-each  coun- 
ty, and  that  the  results  which  Avould  accrue  to  the  farmers  in  the  different 
counties  would  be  of  inestimable  value  and  that  such  farms  would  really 
become  a  source  of  profit  to  a  community,  instead  of  a.  dieadi  tax.. 

SEED  GROWING^ 

This  is  a  time  when  more  attention  is  beiiig  paid  to  the  character  of" 
sefd  used,  aud  it  has  been  fully  demonstrated  that  the  (juality  of  seed  has- 
much  to  do  with  the  quantity  and  quality  of  the  crop.  Again  it  has 
bet-ii  shown  that  for  best  results,  seed  should  be  from  acclimated  plants. 
In  view  of  these  facts,  and  the  fact  that  Maryland  is  giving  more  and 
more  attention  to  growing  truck  aud  other  crops,  which  are  so- materially 
influenced  by  the  ({uality  of  the  seed,  it  seems  to  me  that  it  has  become  of 
])aramount  importance  that  our  farmers  aud  truck  growers  be  impressed 
with  the  necessity  of  using  better  seed,  and  if  possible,  using  home  grown 
seed,  or  at  least  having  seed  grown  from  plants  adapted  to  our  soil  and 
climatic  conditions.  This  question  brings  uj)  to  many  farmers  the  feasii- 
bility  of  growing  seed,  aud  I  believe  offers  an  opportunity  to  many  of  the 
farmers,  especially  those  located  in  isolated  sections,  to  grow  seeds  instead 
of  the  more  bulky  staple  crops.  Seed  of  all  kinds  when  pure  and  clean  selli 
at  good  prices,  and  when  a  preference  is  once  established  for  home  grown^ 
seed  the  prices  for  local  growers  will  be  much  better.  It  would  seem  d#- 
irable  for  the  station  to  do  some  work  upon  this  subj,eGt.. 


PUBLICATIONS. 

In  addition  to  the  annual  report  the  following'  bulletins  have  been  is- 
srred; 

No.  90.  Results  of  experiments  with  different  spraying  solutions 
for  the  ISan  Jose  scale,    by  'J'.  B.  Symons. 

No.  91.  Experiments  with  Nitrogenous  fertilizers,  by  H.  J.  Pat- 
terson. 

No.  92.    Notes  on  apple  growing  in  Maryland,  by  C.  F.  Aiistin. 

No.  93.  Second  report  upon  the  pithiness  in  celery,  by  C.  F. 
Austin  and  Thos.  H.  White. 

In  addition  to  the  regular  bulletins  the  entomologist  and  pathologist 
have  issued  the  following  circular  bulletins; 

Circular  bulletin  No.  5-4.  How  to  treat  the  San  Jose  Scale,  by  T.  B. 
Symons. 

Circular  bulletin  No.  55.  The  Study  of  Insects  in  the  public  schools, 
by  T.  B.  Symons. 

Circular  bulletin  No.  56.  Crown  Gall,  J.  B.  S.  Norton. 

Circular  bulletin  No.  57.  Some  insects  that  attack  fruit  trees  in 
spring,  by  T.  B.  Symons. 

Circular  bulletin  No.  58.  Cabbage  diseases  and  insects,  by  J.  B.  S. 
Norton  and  T.  B.  Symons. 

The  publications  of  the  Station  are  meeting  with  a  constantly  in- 
creasing demand  and  are  being  more  and  more  appreciated.  All  of  the 
publications  of  the  College  and  Experiment  Station  should  reach  every 
farmer  in  the  State.  The  matter  which'goes  into  the  publications  should 
be  indexetS  and  placed  in  a  form  which  will  enable  the  farmers  to  preserve 
them  and  be  able  to  refer  to  particular  subjects  from  time  to  time  as 
needed. 

At  the  present  time  there  are  three  series  of  publications  going  out 
from  the  College  and  Station  to  the  farmers.  For  this  purpose  there  is 
maintained  three  separate  mailing  lists  all  of  which  used  the  original 
Station  list  as  a  basis.  The  farmers  of  the  state  do  not  distinguish  be- 
tween the  departments  of  the  college  and  the  station  and  after  applying 
for  one  set  of  publications  naturally  expect  all. 

Under  the  present  system  he  may  get  only  one  or  all  of  them;  but  a 
new  applicant's  name  must  be  forwarded  from  one  department  to  another 
and  entered  up  three  times,  to  insure  him  getting  all  he  may  desire.  This 
transmission  of  names  to  all  the  lists  is  frequently  neglected.  In  order 
to  overcome  this  difficulty  and  put  all  the  departments  in  better  shape  to 
serve  the  public  and  also  in  the  interest  of  economy  the  mailing  division 
of  all. the  departments  could  be  merged  into  one  office  thus  preventing 
the  going  over  much  work  three  times  in  keeping  three  separate  lists,  and 
at  the  same  time,  enabling  the  other  departments  to  avail  of  the  complete, 
modern  and  most  approved  mailing  outfit,  already  owned  by  the  Experi- 
ment Station..  In  this  way  the  station  could  save  the  other  departments 
the  expenses-  of  following  the  details  of  keeping  up  and  correcting  a 
mailing  last,,  and  the  only  expense  they  would  be  at,  would  be  the  actual 
eost  of  en.velopea  ajid  labor  in  mailing. 
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THE  FARM. 

The  policy  in  the  management  of  the  station  farm  has  been  to  make 
all  of  it  contribute  directly  or  indirectly  to  the  investigations  in  hand,  and 
it  has  never  been  the  aim,  and  I  doubt  if  it  is  possible  with  such  a  pur- 
pose in  mind  to  make  a  station  farm  a  commercially  profitable  enterprise. 
The  very  nature  of  experiment  station  work  makes  the  amount  of  labor 
necessary  from  three  to  one  hundred  times  as  great  as  would  be  required 
for  the  same  area  under  cultivation  in  ordinary  farm  practice.  In  order 
that  field  experiments  will  be  as  reliable  as  possible  the  work  must  be  given 
prompt  and  careful  attention  and  there  should  be  sufficient  force  at  com- 
mand to  enable  all  the  work  on  things  which  are  to  be  compared,  to  be 
done  at  one  time  and  under  uniform  conditions.  This  means  that  all  the 
experiments  must  take  first  place  and  any  work  on  the  general  farm  op- 
erations, be  a  secondary  consideration.  These  facts  will  enable  those  not 
familiar  with  such  work  to  understand  the  reason  for  the  amount  spent 
for  labor. 

BUILDINGS. 

During  the  past  year,  some  few  repairs  have  been  made  which  seemed 
imperative  and  necessary. 

According  to  instructions,  one  house  for  farm  hands  has  been  built 
during  the  past  year.  By  using  some  old  material  on  hand  a  very  good 
five  room  house,  with  cellar  under  a  portion  of  it,  has  been  obtained 
at  a  cost  of  about  $650. 

During  the  winter  some  needed  clearing  along  the  branch  was  done, 
and  at  the  same  time  there  has  been  saved  enough  lumber  for  framing  and 
sheathing  a  six  room  house.  The  funds  of  the  Station  will  i)ermit  of 
the  construction  of  such  a  house  the  coming  year. 

The  heating  plant  in  the  main  station  building  is  in  an  unsatisfac- 
tory condition.  The  way  it  is  installed  it  not  only  does  not  heat  the 
building  comfortably,  but  it  is  costing  much  more  to  run  than  it 
should.  I  have  investigated  the  matter  of  the  renovation  of  the  heating 
plant  and  find  that  it  can  be  put  in  good  shape  at  a  cost  of  about  $300. 
When  this  is  done  more  than  one-half  of  the  fuel  can  be  saved  and  it  will 
require  only  about  one-third  the  attention. 

DRAINAGE. 

Many  parts  of  the  farm  are  too  wet  for  use  in  connection  with  exper- 
iments and  some  parts  even  too  wet  to  be  cultivated  at  all.  This  condi- 
tion was  very  pronounced  during  the  last  two  years,  and  for  lack  of  drain, 
age  the  value  of  the  crops  injured  was  greater  than  would  be  the  expense 
of  having  the  land  drained.  These  parts  should  all  be  drained  when 
possible.  During  this  spring  we  have  had  all  the  old  open  ditches  thor- 
oughly cleaned  out  and  several  new  open  ditches  dug,  and  have  also  put 
in  about  1300  feet  of  two-inch  tile  drain. 

THE  AGRICULTURAL  INTERESTS  OF  MARYLAND. 

In  order  that  yon  may  have  an  idea  of  the  relative  annual  returns 
from  various  agricultnral  interests  of  our  farmers,  and  in  order  that  you 
may  better  appreciate  the  reasons  for  some  of  the  statements  and  recom- 
mendations made  in  this  report,  I  have  compiled  the  annual  value  of  the 
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farm  and  animal  products  and  give  them  herewith  in  the  form  of  a  pyr- 
amid. 

While  none  of  the  subjects  which  are  receiving  the  Station's  attention 
are  getting  anything  more  than  is  deserved,  or  more  than  can  be  turned  to 
profit,  yet  I  believe  that  some  things,  particularly  the  corn,  wheat  and 
forage  crops  not  only  merit,  from  their  relative  importance,  but  offer 
opportunities  for  much  more  work  that  would  prove  immensely  profitable 
to  our  agricultural  interests. 


Small  Fruits, 
$1,224,000.00. 


Potatoes, 
$1,337,000.00. 


Orchard  Fruits, 
$1,416,000.00. 


Tobacco, 
•11,436,000.00. 


Miscellaneous  Products, 
$1,792,000.00. 


Vegetables, 
$4,354,000.00. 


Hay  and  Forage, 
$4,709,000.00. 


Wheat, 
$6,484,000.00. 


Corn, 
$7,463,000.00. 


Total  Value, 
$30,217,000.00. 


FARM  PRODUCTS. 


Honey,  Wax, 
$39,000. 


Wool, 
$143,000.00. 


Poultry  and  Eggs, 
13,650,000.00. 


Pork,  Beef,  Mutton, 
.$,546,000.00. 


Dairy  Products, 
$5,229,000.00. 


Total  Value, 
$13, •07, 000, 00. 


ANIMAL  PRODUCTS. 


STATION  EXHIBITS  AT  FAIRS. 

Last  fall  the  Station  made  exhibits  of  its  work  at  seven,  of  the  fairs 
held  in  the  State.  We  could  not  attend  the  other  one  as  it  fell  in  the  same 
week  with  another  fair. 

This  exhibit  was  planned  after  the  outline  given  in  their  15th  annual 
report.  While  the  exhibit  was  far  from  being  in  as  good  shape  as  desired;; 
yet  it  Avas  well  received  and  I  believe  productive  of  a  great  deal  of  good.. 
The  departments  of  Agriculture,  Horticulture,  Botany  and  Entomology^ 
were  all  represented  in  the  exhibit,  and  these  departments  all  deserve  credit, 
for  the  interest  shown  in  this  work  and  for  the  material  contributed. 

Ever  since  the  close  of  the  last  fair  season  Ave  have  employed  most 
of  the  time  of  Mr.  E.  P.  Walls,  one  of  the  graduates  of  the  College,  in 
getting  things  in  shape  for  the  next  fair  season  and  think  the  exhibit 
which  will  be  made  at  the  fairs  the  coming  fall  will  be  the  best  that  the 
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Station  has  evel'  nlatte  aud  should  not  only  contribute  to  the  general  in- 
terest in  the  fairs^  but  also  will  give  the  farmers  valuable  object  lessons 
which  they  can  take  home  and  apply  and  make  the  few  minutes,  spent 
in  looking  at  such  an  exhibit  of  great  profit. 

There  is  no  doubt  but  that  object  lessons,  such  as  can  be  shown  by  such 
exhibits,  are  the  most  instructive  and  far  reaching  of  anything  which  can 
])e  placed  before  the  public  and  that  this  means  of  placing  the  results  of 
our  work  before  the  farmers  will  do  them  more  good  than  many  times  as 
much  s\)ent  in  printing  bulletins,  etc. 

In  order  to  extend  the  scheme  of  exhibits  and  to  be  able  to  reach 
more  people  than  can  be  done  at  the  fairs  alone,  I  have  been  at  work  on  the 
idea  ])resented  to  and  approved  by  the  Board  of  Trustees  at  the  October, 
1903  meeting  of  installing  the  exhibit  in  a  car,  aud  taking  the  same  to 
each  town  in  the  State  where  a  farmers'  institute  or  other  farmers'  meet- 
ing is  to  be  held.  I  presented  this  matter  to  the  industrial  agent  of  the 
Baltimore  and  Ohio  railroad  and  they  have  promised  to  co-operate  with 
Hs  in  this  work  to  the  extent  of  furnishing  a  car  for  the  purpose  and 
hauling  the  same  free  to  points  reached  by  their  road.  I  trust  that  this 
plan  will  be  put  in  shape  to  be  utilized  during  the  coming  winter. 

The  Botanical,  Chemical  and  Entomological  departments  of  the  sta- 
tion have  all  prepared  some  matter  showing  the  special  features  of  our 
work  for  exhibit  at  the  collective  exhibit  of  the  Colleges  and  Experiment 
Stations  of  the  United  States  at  St.  Louis,  and  all  of  the  departments  of 
the  Station  made  contributions  of  material,  labor,  etc.,  towards  the 
Maryland  Agricultural  Exhibit  at  St.  Louis. 

STATION  STAFF. 

I  desire  to  call  particular  attention  to  a  few  matters  pertaining  to  the 
scientific  working  force  of  the  Station,  which  needs  special  consideration 
at  this  time.  The  attitude  taken  last  winter  by  the  U.  S.  House  of  Rep- 
resentatives in  making  the  appropriation  to  the  stations  in  trying  practi- 
cally to  take  the  control  of  these  institutions  out  of  the  hands  of  the  State 
Boards  of  Trustees  and  placing  it  under  the  U.  S.  Secretary  of  Agricul- 
ture, was  largely  induced  liy  tlie  feeling  that  the  Stations  Avere  not  de- 
voting the  time  of  the  workers  and  were  not  spending  the  Hatch  funds 
strictly  for  investigation  purposes.  There  is  quite  a  wide  and  prevailing 
sentiment  in  the  minds  of  those  whu  are  looking  after  the  expenditure  of 
the  Hatch  fund  that  the  experiment  stations  should  have,  in  the  main, 
a  working  force  of  investigators  separate  and  distinct  from  the  teaching 
force  of  the  College.  This  idea  is  being  put  in  practice  to  some  extent  bv  ■ 
some  of  the  leading  experiment  stations.  From  a. recent,  (Mav  26  th)  com - 
ihunication  received  from  the  U.  S.  Department  of  Agriculture  concerning  .• 
the  policy  of  the  stations  and  the  expenditure  of  the  Hatch  fumi,  the  above 
idea  was  set  forth,  and  reinforcecl  by  the  folloMing  statement:  "In 
making  the  di'vision  of  salaries,  account  must  be  taken  that  a  college  of- 
ficer has  other  duties- than  those  in  the  class-room,  that  if  college  work  is 
heavy,  eveU' though  it  may  leave  him  unoccupied  hours,  little  investiga- 
tion can  be  accomplished  in  fragments  of  time,  and  that  as  a  rule,  the 
undivided' tilne  of  one  man  is  worth  considerably  more  to  the  station  than 
half  the  time  of  two  men  with  college  duties." 


"Iq  view  of  the  feeling  that  exists,  tind  the  common  interests  of  the 
stations  which  are  involved,  the  managers  of  stations  are  iirged  to  take 
great  care  to  provide  that  the  Hatch  fund  shall  be  used  exclusively  for 
strictly  experimental  purposes.  The  enlargement,  if  not  the  continuance 
of  Federal  support  of  the  Stations  depends  very  largely  on  convincing 
Congress  that  the  National  funds  granted  from  year  to  year,  for  this  pur- 
pose, will  be  strictly  applied  to  purposes  of  Agricultural  research  as  dis- 
tinguished from  agricultural  education." 

In  view  of  these  facts  and  the  attitude  of  the  authorities  in  AVashing- 
ton,  D.  C,  and  of  the  fact  that  some  of  the  work  here  has  grown  to  such 
an  extent  that  it  is  no  longer  possible  for  those  who  have  the  investigations, 
in  charge  to  give  the  detailed  attention  that  is  now  required.  I  would 
advise  that  the  station  employ,  during  the  next  year,  an  assistant  in 
agronomy  and  an  assistant  in  horticulture,  both  of  which  shall  devote  his 
entire  time  to  station  investigations  upon  these  subjects.  The  present 
financial  condition  of  the  station  will  justify  this  expense,  and  I  feel  surS 
will  meet  with  the  approval  of  the  farmers  of  the  state  as  is  evidenced  by 
a  resolution  passed  at  the  annual  meeting  of  the  farmers'  clubs,  which  is 
as  follows: — 

"We  think  the  Prof,  of  Agriculture  has  to  give  divided  attention  to. 
too  many  lines  of  work,  to  be  able  to  do  his  best  in  any  one  line.  He  is, 
re([uired  to  give  one-fourth  of  his  time  to  the  Experiment  Station,  in  pur- 
suing original  iuvt'sti^ations  in  Agriculture.  The  investigations  in  prog- 
ress with  the  staple  cru])s  are  very  interesting,  and  offer  great  opportunity 
for  profit  to  the  farmers  of  the  state,  and  we  recommend  that  provision  be 
made,  so  that  the  e<|nivalent  of  the  time  of  one  man  might  be  devoted  to 
this  division  of  the  work." 

During  the  past  year  thei-e  has  hwn  less  changes  in  the  station  staff 
than  for  some  years,  yet  more  than  desii-able  for  work  of  this  kind.  The 
following  is  a  list  of  those  which  occurred:  — 

Assistant  Entomologist  Ralph  Smith,  resigned  in  August  1903,  to  ac- 
cept a  similar  jiosition  at  higher  salary  with  the  Georgia  State  Board  of 
Agriculture.  This  vacancy  was  filled  in  October  by  the  appointment  of 
F.  C.  Bishopp  of  Colorado;  who  remained  here  until  January',  then  re- 
signed to  accept  a  position  in  the  division  of  Entomology  of  the  United 
States  Department  of  Agriculture.  The  vacancy  thus  caused  was  filled  by 
the  apjiointnient,  in  February,  of  A.  B.  Gahan,  a  graduate  of  the  Kansas 
Agricultural  College.  The  assistant  Entomologist  has  but  a  nominal  con- 
nection with  the  Expfriinent  station  as  the  duties  of  the  position  are 
mainly  in  connection  with  tiie  Stite  inspection  of  orchards  and  nurseries, 
C.  F.  Austin,  associate  horticulturist,  has  handed  in  his  resignation  to 
take  effect  July  1st.  He  has  resigned  to  accept  the  position  of  horticul- 
turist of  the  Cuba  Experiment  Station  at  a  considerable  increase  of  salary. 

FINANCIAL  CONDITIONS. 

As  will  appear  from  the  report  of  the  treasurer,  the  fiscal  year  will 
close  with  all  bills  paid  ami  a  small  balance.  I  have  carefully  gone  over 
the  prdtmble  expenses  for  the  coming  \ear,  and  1  believe  that  the  station 
is  in  jiositi'  n.  as  far  as  funds  are  concerned,  to  carry  out  all  the  recom- 
meiidrtiio     made  in  this  report. 
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MARYLAND  AGRICULTURAL  EXPERIMENT  STATION  IN  ACCOUNT 
WITH  THE  STATION  FARM. 

DE. 

1903. 

July  1,    To  cash  balance  $  128.65 

To  sales  of  stock  and  produce, 
during  the  vear  ended  June  30, 

1904   4468.25 

$4596.90 

CE. 

1904. 

June  30,    By  labor,   $2271.86 

By  seeds,  plants  and  seeding  supplies, . .  245.00 

Bv  fertilizers,   250.00 

By  feeding  stuffs   1200.00 

By  live  stock   350.00 

By  contingent  expenses   277.91 

By  cash  balance   2.13 

$4596.90 


MARYLAND  AGRICULTURAL  EXPERIMENT  STATION  IN  ACCOUNT 
WITH  THE  STATE  OF  MARYLAND  APPROPRIATION. 

DK. 

1903. 

July  1,   To  cash  balance,  $  13.64 

1904. 

June  30,  To  receipts  from  the  treasurer  of  the  State  of 
Maryland  for  the  fiscal  year  ending  September  30th , 


1904,  as  per  Sec.    Chap,    laws  of 

1902   5000.00 


5013.64 

CE. 

1904. 

June  30th,     By  exhibits  $  1794.01 

By  publications,   830. 31 

By  feeding  experiments,   248.25 

By  buildings  and  repairs   1129.79 

By  cash  balance   1011.28 


5013.64 


MARYLAND  AGRICULTURAL  EXPERIMENT  STATION  IN  ACCOUNT 
WITH  THE  UNITED  STATES  APPROPRIATION. 
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!DE. 

1904. 

June  30,  To  receipts  from  the  treasurer  of  tlie  United 
States,  as  per  appropriation  for  the  fiscal  year  end- 
ed June  30,  1904,  as  per  Act  of  Congress  of  March 


CR. 

1904. 

June  30.    By  salaries,  $  7259.78 

"  labor,   2927.98 

"  publications,   209.31 

"  postage  and  stationery   181.73 

''  freight  and  express,   497.44 

"  heat,  light,  water  and  power,   414.90 

"  Chemical  supplies   260.68 

"  Seeds,  plants  and  sundry  supplies   600.10 

'•  fertilizer,  '.   256.32 

"  feeding  stuffs   387.28 

"  Lil)rary   298..84 

"  Tools,  implements  and  machinery,   615.16 

"  Scientific  apparatus   40.62 

"  live  stock,  452.00   452.00 

"  traveling  expenses,   163.83 

"  contingent  expenses   15.00 

•'  buildings  :uul  repairs,   419.03 


.f 15000. 00 

The  aliove  i*  a  true  co];y  from  the  books  of  this  office. 

JOS.  E.  OWENS, 


Treasurer  Maryland  AgricvIfuraJ  Ez2)eriment  Station, 


THE  MARYLAND 

AGRICULTURAL  EXPERIMENT  STATION. 


Bulletin  No.  9O.  December,  1903. 


THE  SAN  JOSE  SCALE. 


By  Thomas  B.  Syjions. 


INTRODUCTION. 

No  greater  factor  ever  confronted  Maryland  orchardists  than  the  ad- 
vent of  the  San  Jose  Scale  into  the  State  .  With  its  ])ernicious  habit 
the  insect  has  succeeded  in  devastating  many  of  the  promising  orchards 
and  discouraging  some  of  the  enthusiastic  growers.  Nevertheless  tak- 
ing into  consideration  the  amount  of  damage  it  has  and  is  still  doin<'- 
there  is  no  doubt  that  the  San  Jose  scale  will,  on  the  whole,  be  what  may 
be  called  a  l)enefit  to  the  horticultural  interests  of  the  State.  It  has  called 
the  attention  of  the  large  as  well  as  the  small  growers  to  their  trees  and 
taught  them  by  sad  experience,  in  some  cases,  that  the  mere  fact  of  plant- 
ing an  orchard  is  not  all  that  is  necessary  in  order  that  in  a  few  years  they 
may  secure  a  crop  of  fruit.  It  has  taught  them  that  the  trees  must  be 
continually  looked  after  and  if  they  wish  to  have  a  good  healthy  productive 
orchard,  they  must  make  a  thorough  study  of  it  in  relation  to  its  culture 
and  the  diseases  and  insects  to  which  it  is  subject. 

The  necessity  of  treating  trees  infested  with  the  San  Jose  scale  need 
hardly  be  repeated  here,  for  it  should  be  generally  known  that  to  neglect 
such  work  inevitably  means  the  death  of  the  trees.  If  your  orchards  are 
infested  with  scale  you  have  the  alternative  of  taking  the  matter  in  hand 
or  sooner  or  later  giving  n}i  fruit  growing.  It  has  been  thoroughly  demon- 
strated in  many  of  the  Eastern  States,  including  Maryland,  that  this  in. 
sect  may  be  satisfactorily  controlled  by  the  employment  of  i)ractical  reme- 
dial measures,  but  it  should  be  distinctly  uuderstooil  that  the  Avork  must 
be  thorough,  and  continued  from  year  to  year.  Where  tlir  seal,-  has  be- 
come established,  there  is  l)ut  little  likeli-hood  of  it  ever  eradicat- 
ed, except  in  exceptional  cases.  Conse(|uently  elforts  should  In-  expended 
towards  reducing  its  ravages  to  a  minimum.  Further  we  must  I'lilU  realize 
that  the  San  Jose  scale  is  with  us  to  stay,  and  when  established,  provisions 
must  be  made  for  keeping  it  in  subjection  as  a  jiart  of  the  routine  of 
orchard  work. 

As  numerous  in(|nirie3  regardin.a'  the  1  ife  history  of  the  insect  are 
continually  received  and  as  the  previous  publications  on  the  S'lme  from 
this  station  have  lieen  exhausted,  it  has  been  thought  best  to  give  briefly 
the  descrijjtion  and  life  history  of  the  pest  for  the  i)enefit  of  those  persons 
who  are  not  as  yet  familiar  with  its  habits. 

GENERAL  DESCRIPTION. 

A  tree  when  badly  infested  with  the  San  Jose  scale  j)resents  a  some- 
what grayish  appearance  as  if  it  were  coated  with  ashes,  but  to  the  ordi- 
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marj  observer  the  tree  would  hardly  seem  to  be  infested  unless  very  close- 
1t  examined.  However,  if  one  should  attempt  to  scrape  the  bark,  this 
process  would  reveal  the  same  to  be  covered  with  numerous  little  scales  of 
varying  sizes  beneath  which  lay  the  small  oval,  orange  colored,  soft,  jelly- 
like  objects  which  are  the  true  insects.  If  the  examination  be  made  in 
the  summer  time  the  young  yellowish  lice  would  be  seen  crawling  about 
and  over  the  scales  as  shown  in  the  illustration,  (see  fig.  1.)  The  pres- 
ence of  scale  on  a  tree  is  most  readily  detected  by  examining  the  fruit. 
There  is  usually  around  each  scale  a  bright  red  ring  caused  either  by  the 
effect  of  secretions  of  the  insect  through  its  beak  on  the  tissues,  or  by  a 
change  in  the  epidermal  cells  brought  about  by  the  irritation  of  its  setae 
in  the  tissues.  The  insects  seem  to  be  more  thickly  distributed  around 
the  calyx  on  apples  (see  fig.  2)  and  pears,  while  on  peach  they  are  more 
numerous  at  the  stem  end.  In  examining  fruit  especially  pears,  one  must 
be  careful  not  to  take  a  spot  caused  by  the  pear  leaf  blight  for  a  scale 
insect.  The  scale  can  always  be  distinguished  by  lifting  the  cover  or 
scale  from  the  insect.  It  is  easier  to  observe  the  scale  on  the  smooth  baric, 
of  the  twigs,  than  on  the  trunks  and  branches,  for  as  on  the  fruit,  thev 
are  usually  surrounded  by  bright  red  rings,  which  extend  below  the  bark 
into  the  wood.  On  badly  infested  trees  during  the  growing  season  the 
•cale  will  also  be  seen  on  the  leaves,  usually  in  clusters  along  the  midrib 
and  veins. 

If  an  adult  female  insect  is  examined  under  a  magnifying  glass  a 
small  grayish  circular  scale  about  1-24  of  an  inch  in  diameter,  the  cen- 
tre of  which  is  convex  forming  a  slight  nipple,  will  be  seen,  also  numer- 
ous concentric  circles  can  be  seen  around  the  nipple,  the  scale  developing 
by  additions  to  the  outer  edge.  As  mentioned  before,  beneath  the  scale 
is  the  true  jelly-like  individual.  The  color  of  the  scale  is  variable.  In 
the  half  mature  insects  the  scale  is  quite  black,  and  it  gradually  becomei 
tTatish  when  approaching  the  adult  state. 

LIFE  HISTORY. 

The  life  history  of  the  San  Jose  scale  differs  from  most  insects  of 
this  class  as  it  winters  as  a  partially  mature  insect  under  the  scale. 
Early  in  the  spring  it  begins  to  develop  and  about  the  first  of  May  in  this 
latitude  the  adult  male  emerges  from  beneath  the  scale  as  a  minute  wing- 
ed insect.  The  female  reaches  maturity  about  a  month  later  and  begin* 
to  produce  its  young  soon  afterwards.  The  female  lays  no  eggs  but  brings 
forth  living  young;  the  eggs  develop  and  hatch  within  the  body  of  the 
mother.  The  period  of  reproduction  of  a  female  extends  over  about  six 
weeks  and  her  progenv  at  that  time  will  number  about  400.  The  young- 
insects  are  extremely  small,  yellowish  in  color  and  resemble  small  mites. 
TheT  have  six  legs,  a  pair  of  antenae,  and  a  long  thread  like  beak  through 
which  thev  extract  the  juices  from  the  plants  when  they  become  fixed. 
Ther  crawl  around  on  the  surface  on  which  they  happen  to  be  for  some 
six  to  twelve  hours  in  search  of  a  suitable  place  to  insert  their  beaks  and 
if  females  to  remain  there  the  rest  of  their  lives.  In  about  a  month  from 
the  date  of  birth  the  young  scale  insects  reach  maturity  and  the  females 
then  commence  reproducing.  As  there  are  about  four  generations  during  a 
season  in  thia  latitude,  with  their  great  reproductive  power,  is  it  anj 
wonder  that  this  orchard  pest  increases  so  rapidly  where  no  effort  is  made 
t»  kold  it  in  check? 
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Fig.  1,  A  branch  badly  infested  with  San  Jose  Scale. 

MEANS  OP  DISTRIBUTION. 

Although  the  youiig  of  the  Sau  Jose  scale  are  so  tiny  and  are  only 
able  to  crawl  around  oh  the  infested  tree  for  a  period  extending  oyer  about 
twelve  hours  and  cannot  of  themselves  reach  other  trees,  yet  it  is  evident 
that  the  insect  i<  distxibuted  from  tree  to  tree  and  from  orchard  to  ©r- 
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chard.  This  is  accomplished  by  many  outside  agencies;  first,  it  may  be  dis- 
tributed on  nursery  trees,  however  this  means  is  i)rotected  against  by  law; 
second,  by  the  wind,  whicli  in  blowing  over  an  infested  orchard  mav  carry 
some  of  the  young  larvae  on  numerous  ])articles  whi  .h  it  twirls  along  to 
other  trees  in  the  vicinity;  third,  birds  and  various  insects  are  responsible 
for  carrying  the  scale,  sometimes  long  distances,  on  their  feet  and  bodies. 
There  is  also  some  danger  of  the  larvae  being  carried  hymen  and  domestic 
animals  in  going  through  an  infested  orchard.  It  is  likely  that  thev  hit 
the  branches  of  some  of  the  trees  and  in  this  way  are  the  means  of  trans- 
porting the  insect  from  tree  to  tree.  Thus  it  is  apparent  that  great  care 
must  be  exercised  to  avoid  the  distribution  of  this  pest. 

COMBATIVE  METHODS. 

With  the  introduction  of  this  insect  in  the  East  a  renewed  interest 
was  manifest  by  exjierimenters  with  the  different  contact  insecticides.  ._It 
was  long  known  that  kerosene  emulsion  and  soap  emulsions  were  effective 
in  controlling  the  majority  of  the  common  scale  insects  and  accordingly 
these  were  recommended  against  the  San  Jose  scale.  Fumigation  also  has 
been  employed  but.  though  effect!  ve,  it  is  rather  an  impracticable  and  costly 
remedy  to  employ  in  large  orchards.  But  with  the  enormous  increase  of 
this  jiest  in  the  East,  much  concern  on  the  ])art  of  the  orchardist  was 
evoked  in  securing  the  most  practicable,  effective  and  cheap  remedy 
to  control  its  ravages.  To  meet  This  demand  the  Kerowater  pumj)  was 
put  on  the  market,  which  enalded  the  orchardist  to  spray  his  trees  with 
kerosene  in  mechanical  mixture,  and  thus  save  the  trouble  of  making 
the  emulsion.  l>ut  while  this  pumj)  did  satisfactory  work  when  in  care- 
ful hands,  it  was  fouiu!  that  it  could  not  be  depended  upon  to  spray  the 
exact  strength  at  all  times  Avhen  used  by  ordinary  labor,  and  as  a  result, 
injury  to  the  tree  has  fre(|uently  been  occasioned.  But  at  best  kerosene 
or  any  of  the  mineral  oils  have  not  proved  to  be  very  satisfactory  treat- 
ment for  the  San  Jose  scale.  There  is  always  some  danger  accompaning 
its  use  for  if  allowed  to  run  down  the  trunk  to  the  roots,  its  injury  to  the 
tree  is  a})parent.  It  has  also  been  found  that  continually  spraying  trees 
year  after  year  with  oils  will  have  a  bad  effect  on  the  bark. 

Whale  Oil  Soaj)  is  an  ett-ctive  treatment  against  the  i)est,  but  its  ex- 
])ensiveness  has  no  doubt  ])revented  its  ado}>tion.  But  where  it  has  been 
applied  to  the  trees  just  before  the  buds  begin  to  swell  in  the  spring, 
much  good  has  been  derived  from  its  use. 

Experimenters  and  orchard ists  have  therefore  been  anxious  to  secure 
a  remedv  which  c:iii  lie  applied  on  trees  while  in  the  dormant  state  with- 
out the  slightest  ilan-L-r  of  hurting  them.  Befoi-e  the  advent  of  the  scale 
in  the  East,  it  was  successfully  controlled  on  the  Pacific  coast  with  the 
lime,  sulphur  am!  salt  or  California  wash  and  it  was  first  thought  that 
this  wash  could  be  employed  against  the  pest  in  the  East  but  the  earlier 
ex])erimeuts  conducted  with  it  were  reported  unfavorably,  due  apparent- 
ly to  the  fact  that  examinations  as  to  the  effect  of  the  treatment  were  not 
made  late  enough.  However,  later  ex])eriments  have  proven  that  the  wash 
was  equally  as  effective  in  controlling  the  insect  in  the  East  as  in  the  West. 

Experiments  with  this  wash,  in  ^this  State,  were  begun  by  Prof.  A. 
L.  Quaintance,  State  Entomologist,  in  the  spring  of  1902,  and  were  made 
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Fig  2.  Shows  apples  badly  infested  wUli:S:in  .Iof.c  scale.   (  Plinto;by  F.  lI.^BIodgett,) 

in  four  different  parts  of  tlie  State.  Careful  observations  were  made  in 
these  experiments  from  time  to  time,  and  an  exact  record  of  weather  con- 
ditions was  kept.  The  results  have  been  rei)orted  in  detail  by  Prof. 
Quaintance  in  Bulletin  .37,  New  Series,  Division  of  Entomology,  U.  S. 
Department  of  Agriculture  and  need  not  be  considered  here.  It  was  found 
that  this  wash  was  a  slow  acting  one  and  continued  to  kill  the  insect 
through  August  and  September."  By  that  time  a  tree  sprayed  with  the 
wash  in  March  will  be  practically  free"  from  the  insect  as  the  old  female 
scales  die  about  July,  and  the  wash  on  the  1ree  kills  the  majority  of  the 
young. 

Prof.  Quaintance  published  several  circulars  recommending  this 
wash  to  the  orchardists  of  the  State.    (Circular  bulletins  44,  45  and  46). 
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EXPERIMENTS. 

With  a  view  of  further  demonstrating-  the  effectiveness  of  the  lime, 
sulphur  and  salt  wash,  the  most  practical  method  of  mal<in<;-  and  apply- 
ing it,  the  best  formula  and  the  most  effective  time  of  application  togeth- 
er with  using  it  in  coni])arison  with  other  remedies,  extensive  experiments 
were  undertaken  bv  Prof.  Onaintance  in  the  fall  of  1902  and  the  spring  of 
1903.  He  however  resigned  his  position  here  in  April  and  it  befalls  the  writ- 
er to  publish  the  results  of  these  ex])eriments  and  of  those  conducted  dur- 
ing the  summer  of  19U2,  together  with  as  much  other  data  as  could  beob- 
tiiined  since  having  charge  of  the  Department.  It  is,also  due  Mr.  R.  L 
Smith,  Assistant  Entomologist  (resigned  August  1,  1903)  to  say  that  the 
majority  of  the  notes  from  these  experiments  were  taken  by  him. 

Manv  thanks  are  now  ex})ressed  to  i)ersons  who  so  kindly  let  us  use 
their  orchards  and  who  contributed  otherwise  in  the  futherance  of  the 
work  to  control  this  i)ernicious  insect. 

While  a  number  of  different  washes  used  ])roved  to  be  of  no  economic 
importance  yet  it  seems  that  such  work  should  be  re})orted  to  show  what 
this  department  is  doing.  For  convenience  the  ex])eriments  will  be  clas- 
sified as  summer,  fall  and  spring  ap})lications. 

EXPEBIMENTS  WITH  SUMMER  WASHES. 

It  was  first  wished  to  know  what  strength  of  Avhale  oil  soap  could 
be  applied  in  the  summer  without  injuring  the  trees  and  correspontlinglv 
what  effect  this  strength  would  have  upon  the  insect.  Therefore  nine 
plats  of  apple  trees  were  sprayed  June  28.  1902  with  whale  oil  soaj)  at 
J.  W.  Disney's,  of  Admiral.  Md.  The  first  plat  was  sprayed  with  whale 
oil  soap  at  the  rate  of  one  ])Oun(l  to  the  gallon  of  water  and  each  plat 
thereafter  sprayed  with  a  solution  increasing  the  water  one  half  gallon  to 
a  pound  of  soaj).  It  may  l)e  said  that  the  soap  solution  was  made  in  the 
usual  manner  by  heating  water  and  dissolving  soaji  in  it.  In  these  as 
well  as  in  the  succeeding  summer  experiments  about  one  half  dozen  pieces 
from  different  branches  in  the  trees  were  taken  anil  the  ])er  cent  of  live 
scale  determined,  also  after  sufficient  time  had  elapsed  after  treatment  an- 
other count  was  made  in  a  similar  manner  to  determine  the  })er  cent  of 
live  scale  after  treatment.  By  consulting  tai)le  I.  j)age  6  the  reader  will 
see  that  no  injury  was  apparent  to  the  tree  when  sjjrayed  with  one  pound 
of  the  soaj)  to  two  gallons  of  water  and  up.  but  only  a  small  ])er  centof  the 
insects  were  killed;  and  only  slight  injury  was  caused  bv  sjjraving  with 
the  soap  solution  at  the  rate  of  one  pound  to  the  gallon.  This  strength 
can  therefore  be  used  in  the  summer,  however  it  will  only  hold  the  insect 
in  check  for  a  time. 

Further  exjjeriinents  with  whale  oil  soap,  kerosene  emulsion,  lime-ker- 
osene emulsion,  Oregon  wash,  and  crude  [)etroleum  emulsion  were  under- 
taken at  Mr.  Richard  Disney's.  Admiral,  Md.,  .July  11.  1902.  By  con- 
sulting table  I, page  7  and  8  there  will  be  seen  the  formulae  and  the  ilifferent 
strengths  used  at  each  treatment.  In  these  experiments  also  the  solutions 
were  made  in  the  usual  manner.  From  the  results  given  it  is  evident 
that  the  20  or  25  i)er  cent  kerosene  emulsions  are  the  best  summer  treat- 
ment. While  the  lime-kerosene  emulsion  is  a  close  second  and  may  have 
an  advantage  over  the  regular  emulsion  in  that  it  may  not  hurt  the  foli- 
age quite  so  badly.  The  Oregon  wash  and"  the  crude  petroleum  emulsion 
used  at  the  stated  strengths  appear  to  injure  the  foliage  severely. 
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lime  30  lb 
sulfur  16  lb 
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water  50  gal. 
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sulfur  16  lb 
salt  12  lb 
water  50  gal. 

lime  30  lb 
sulfur  16  lb 
salt  12  lb 
water  50  gal. 

lime  30  lb 
sulfur  16  lb 

lime  15  lb 
sulfur  15  lb 
blue  stone  lilb 
water  50  gal. 

ij 

It     ll     ll     ll  II 
|1     |1  |1 

|l 

1^1 

1      =       =       =  = 

11 

1      1      i      1  i 

1 
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EXPERIMENTS  WITH  EARLY  FALL  WASHES. 

These  experiments  were  undertaken  for  the  purpose  of  determining- 
■what  strengths  of  the  insecticides  could  be  used  at  this  season  of  the  year. 
Therefore  solutions  of  lime,  sulphur  and  salt.  Avhale  oil  soap,  Oregon 
wash,  kerosene  emulsion,  crude  petroleum  emulsion,  and  California 
summer  wash  were  applied  at  different  strengths  (see  table  II.  pages  10  and 
11)  on  badly  infested  jieach  trees  at  Mr.  Alfred  Loud's  place,  Chestertown. 
Md.  The  solutions  were  made  in  the  usual  manner  exce))t  as  indicated  in 
the  table. 

It  is  seen  in  the  table  that  an  application  of  lime,  sulphur  and  salt 
full  strength  and  also  reduced  to  80  gallons  will  kill  the  scale  but  corres- 
pondingly hurt  the  foliage  severely.  Likewise  this  is  true  with  whale 
oil  soap  at  the  rate  of  two  and  one  half  ])ounds  and  two  pounds  to  the  gal- 
lon of  water  and  also  Oregon  wash  regular  strength  and  crude  petroleufn 
emulsion,  but  that  keroseue  emulsion  at  the  rate  of  20  per  cent  can  be  ap- 
plied with  good  results  as  to  killing  the  scale  and  it  will  not  hurt  the 
foliage  to  any  appreciable  extent.  The  California  summer  wash  of  soap, 
soda,  potash  and  sulphur  seems  to  be  of  little  use  in  killing  the  scale  but 
it  does  not  hurt  the  foliage. 

EXPERIMENTS  WITH  LATE  FALL  WASHES. 

These  experiments  consisted  of  different  strengths  of  whale  oil  soa]» 
and  the  employment  of  different  methods  of  making  the  lime,  sulphur  and 
salt  wash.  Also  to  observe  whether  an  application  of  these  washes,  ])rinci- 
pally  the  lime,  sulphur  and  salt  in  the  fall,  Avould  be  as  effective  as  an 
application  in  the  spring,  A\hen  only  one  treatment  is  made.  These  ex- 
periments were  conducted  in  a  pear  orchard  at  Capt.  R.  S.  Emory's, 
Chestertown,  Md.,  and  in  a  peach  orchard  at  Mr.  Alfred  Loud's,  Chester- 
town,  Md.  In  the  pear  orchard  200  trees  were  sprayed  in  each  plat.  The 
different  methods  by  which  the  washes  were  made  is  shown  in  table  III, 
pages  12  and  13.  The  results  of  these  treatments  are  indicated  in  the  table 
and  show  that  the  lime,  sulphur  and  salt  wash  is  a  very  effective  treatment 
even  when  applied  in  the  fall.  The  results  on  the  i)each  trees  were 
equally  as  good.  While  with  the  whale  oil  soap  it  was  found  that  there 
were  numerous  scales  alive  at  the  time  of  examination  and  it  is  therefore 
not  as  effective  as  the  lime,  sulphur  and  salt. 

EXPERIMENTS  WITH  SPRING  WASHES. 

These  experiments  were  conducted  in  other  parts  of  the  above  or- 
chards of  pear  and  peach  respectively.  On  the  peach  trees,  the  lime,  sul- 
phur and  salt  was  used  exclusively  in  different  strengths  and  methods  of 
preparation  and  the  results  prove  that  if  made  by  boiling  and  ajiplied  at 
this  time  it  is  an  ideal  treatment.  Also  that  the  lime  and  sulphur  only 
is  nearly  as  effective.  These  same  results  were  obtained  from  the  treat- 
ment of  the  peach  trees  in  Mr.  Alfred  Loud's  orchard.  By  consulting 
table  IV,  pages  14  and  15,  it  will  be  seen  how  the  washes  were  made  and 
the  results  of  the  same  respectively. 
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BRIEF  CONCLUSIONS  TO  BE  DRAWN  FROM  THE 
EXPERIMENTS  RECORDED 

First.  Whale  oil  soap  as  a  snmmer  treatment  can  be  used  as  stron^^ 
as  one  pound  to  the  <)-allon,  without  dauber  to  either  ai)i)le  or  i>each. 
This  treatment  will  however  only  kill  the  unprotected  insects  and  possi- 
bly a  few  old  ones  but  not  sufficient  numbers  to  l)e  of  ])ermanent  benefit. 

Second.  Kerosene  emulsion,  20  i)er  cent,  made  with  soajrseenis  to 
have  f,aven  the  most  satisfactory  results  for  summer  treatment. 

Third.  Lime-kerosene  emulsion  seems  to  l)e  about  etjually  effective 
in  com})arison  with  soap-kerosene  emulsion.  This  used  at  20-25  per  cent 
is  very  effective  a^^ainst  the  insect.  The  fine  jjarticles  of  lime  in  sus])en- 
sion  show  white  when  S])rayed  on  tlie  tree  and  may  in  this  way  hel])  the 
si)rayer  to  see  if  he  has  covered  all  the  surface  of  the  tree.  Tlie  lime  does 
not  emulsify  ([uite  as  readily  as  the  soa])and  it  is  a  disadvantage  in  this 
particular. 

Fourth.  Oregon  wash  is  very  effective  in  killing  the  insects  but  can- 
not be  used  in  summer  even  in  dilute  solutions  without  injuring  the  foliage. 

Fifth.  Crude  ])etroleum  emulsion  is  also  very  effective\against  the 
insect  when  used  at  20-25  per  cent  strengths.  It  however  burns  the  foli- 
age when  used  at  10  ]>er  cent.  As  a  summer  treatmentjit  cannot  be  recom- 
mended. 

Sixth.  All  the  different  solutions  ap])lied  iu  the  early  fall,  about 
Sept.  10th. ,  were  effective  in  controlling  the  scale  but  all  had  a  bad: 
effect  upoa  the  foliage.  The  20  ])er  cent  kerosene  emulsion  a|)i)ears 
to  be  the  best  wash  to  a])jily  at  this  time  of  the  year. 

Seventh.  The  lime,  sul])hur  and  salt  wash  a))])lied  in  the  lat- 
ter part  of  November  or  in  December  Avas  effective  in  controlling  the  peat 
and  it  is  advisable  to  ajjjjly  this  wash  at  this  time  of  the  year  if  the  trees 
are  badly  infested  provided  another  a|)plication  can  bel  given  in  the 
sjjring. 

Eighth.  The  lime,  sulj)hur  and  salt  wash  ap})lied  in  the  spring 
just  before  the  buds  begin  to  swell  proves  to  be  the  ideal  time  and  treatment 
for  the  i)est.  Ap})arently  there  is  little  difference  in  using  the 
lime  and  sul])hur  alone  or  with  salt,  and  boiling  all  at  once,  or  boiling^ 
a  part  and  after  a  tirne adding  the  remainder  of  the  materials  or  boil- 
ing all  the  materials  at  once. 

Ninth.  AVhale  oil  soaj),  two  pounds  to  the  gallon,  applied  about 
Nov.  20  is  not  as  effective  as  lime,  sulphur  and  salt. 

LIME,  SULPHUR  AND  SALT  WASH. 

As  stated  elsewhere  this  wash  has  been  relied  u))on  by  the  orchardists- 
of  the  Pacific  Coast  for  many  years  past  in  the  control  of  the  San  Jose 
scale,  as,  it  will  be  remembered,  the  scale  commenced  its  ravages  about  30- 
years  ago  in  San  Jose  Valley,  California,  and  soon  became  widely  dissemi- 
nated tliroughout  that  section  of  the  country.  Notwithstanding  this  the 
cultivation  of  deciduous  fruits  has  by  no  means  abated  and  the  western 
growers  as  in  the  past    still  hold  their  own  in  competition  with  ouf 
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fruits  in  the  eastern  markets.  Therefore  with  the  proof  that  this  insecti- 
cide is  wholly  effective  in  the  control  of  this  pest  in  Maryland  there  is  no 
reason  why  its  ravages  shonkl  not  l)e  reduced  to  a  minimum  in  this  state. 

Another  favorable  feature  as  regards  this  wash  is  its  effect  upon 
fungi.  It  is  said  to  be  a  beneficial  treatment  for  most  early  appearing 
fungi  to  some  extent  but  more  especially  is  it  effective  in  controlling  the 
peach  leaf  curl.  In  this  connection  it  may  be  well  to  state  that  the  addi- 
tion of  copper  sulphate  dissolved  in  warm  water  to  the  lime  and  sulphur 
while  it  is  boiling  has  been  shown  in  our  experiments  as  well  as  ia  other 
states  to  somewhat  add  to  its  effectiveness  in  controlling  fungi. 


Fig.  3  How  the  lime,  sulfur  and  salt  wash  is  made  on  a  large  scale  (After  Fsher.) 


EFFECT  t)N  THE  TREE. 

The  lime,  su]])hur  and  salt  wash  is  a  strictly  dormant  treatmeut 
•  when  sprayed  all  over  the  tree,  but  it  has  been  shown  .  by  Prof.  Wilmon 
Hewell  in  reporting  experiments  conducted  in  summer  with  this  wash, 
that  the  normal  strength  wash  can  be  rubbed  or  painted  on  the  trunk  and 
large  branches  of  badly  infested  trees  without  danger  to  the  tree  and  will 
largely  retard  the  increase  of  the  scale.  However,  in  using  it  during 
the  summer  it  should  not  be  api)lie(l  on  the  foliage  or  young  growth. 
Since  there  have  been  many  complaints  from  injury  to  trees  from  the  use 
of  the  kerosene  and  crude  petroleum  it  is  a  pleasure  to  state  that  trees  will 
not  be  affected  in  any  way  injuriously  by  the  applicationt  of  this  wash 
while  they  are  in  the  dormant  state. 
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TIME  OF  APPLICATION. 
The  experiments  last  fall,  testing  its  effectiveness  at  that  time  of  the 
year,  showed  fairly  good  result?,  as  th"  maiority  of  the  scales  were  killed. 
Where  only  one  apj)lication  is  applied,  it  is  best  to  wait  until  late  winter 
or  early  s])Ting  just  before  the  buds  begin  to  swell.  An  api)lication  at 
this  time  of  the  year  was  found  to  be  the  most  effective.  Where  trees  are 
very  badly  infested  it  would  be  advisable  to  give  them  two  treatments, 
one  in  the  fall  and  a  second  treatment  in  the  early  spring.  We  have  wit- 
nessed on  one  or  two  occasions  orchards  being  sprayed  with  this  wush 
when  the  trees  were  in  bloom  and  no  apj)arent  injury  done,  that  is,  the 
orchard  produced  a  fine  crop  of  peaches.  However  this  is  a  very  danger- 
ous procedure  and  one  that  should  not  be  practiced. 

FORMULA. 

Considerable  variation  is  shown  in  the  formulae  recommended  in  the 
different  States.  The  one  which  we  have  used  in  onr  experiments  is  the 
one  generally  used  in  California  reduced  for  50  gallons  of  water,  and  is 
as  follow- : 

Fresh  stone  lime,  30  ))Ounds. 

Flowers  of  sulphur,  IH  ])ounds. 

Common  salt,  12  ])ounds. 

Water  to  make  50  gallons. 
In  a  recent  bulletin  issued  by  the  New  Jersey  Exi)eriment  Station, 
Di".  J.  B.  Smith  recommends  the  following: 

Lime  (stonp  or  shell),  50  pounds. 

Sulphur  ( llowers  or  ground ),  50  i)0unds. 

ShU,  50  pounds. 

Water,  150  gallons. 
According  to  Profs.  Alwood  and  Phillijis  of  Virginia  in  a  bulletin 
recently  published,  the  following  is  recommended: 

Lime  (niislacked ).  30  pounds. 

Sulphur  (llowers),  30  pounds. 

Salt,  10  pounds. 

Water,  100  gallons. 

There  is  no  doubt  that  in  either  of  the  above  formulae  and  especial- 
ly in  that  used  by  this  State  there  is  an  excess  of  lime.  This  is  desired 
to  a  certain  extent,  but  there  should  not  be  too  much  lime  from  the  fact 
that  a  thick  coating  of  the  same  may  cause  it  to  peal  off  as  does  regular 
white  wash  at  times.  Therefore  there  is  no  doubt  that  reducing  the  (pian- 
tity  of  lime  to  20  or  even  15  pounds  to  the  regular  amount  of  sulphur  will 
give  the  desired  results. 

PREPARATION. 

There  is  likewise  considerable  variation^  in  the  methods  of  combin- 
ing the  materials,  and  in  onr  experiments  it  may  be  seen  that  we  have 
em])loyed  various  ways  of  pre))aration.  As  a  result  we  find  the  following 
method  to  be  the  easiest  and  best.  Boil  15  to  20  gallons  of  water  in  an 
iron  pot  or  hog  scalder,  now  add  the  pro})er  ([uantity  of  stone  lime,  also 
the  sulphur,  which  should  have  been  })reviously  mixed  with  hot  water, 
then  allow  the  whole  to  boil  for  at  least  three'tpiarters  of  an  hour  or  until 
the  sulphur  is  thoroughly  dissolved  })roducing  a  clear  amber  colored  solu- 
tion.   The  mixture  should  be  stirred  and  if  necessary  more  water  may  be 
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Fu:.  ■         i::m- 1  :  w  Vr'i  till' liiiip,  sulfur  ami  s  lU  w  n  .!i  wa-i  mildly  ill  our  cxpiTiinents 

^dded  tn  [ircvent  l)^llllill^■.  The  salt  should  be  added  while  the  mixture 
is  still   lioiliiiL;-.     AVheii  it  has  boiled   sufficietitly  add  the  aniomit  of  hot 

■water  to  iini',!'  !hf  ."lO  i;iillons  aud  carefully  strain,  throiiuh  a  straiuer 
haviu^^'  about  :  nioiics  to  an  inch,  into  the  spray  lianxd  aud  aj)])lv  warm. 
Where  the  wash  is  to  lie  made  on  a  lart^e  plan  and  where  a  steam  boiler 
of  any  kind  is  av,i i iai -Ic,  it  will  be  much  better  to  cook  the  wash  with 
steam  (s.'i.'  li'j'.     i.  stciui  should  be  conducted  into  the  liarrels  or  vats 

by  means  oi'  ii, w  ich  sbou  Id  ex  tend  to  within  a  few  inches  of  the 
bottom  of  t  he  I'arr  1.  U'luTe  steam  boilers  are  not  available  and  au  or- 
chard of  ci>  -  to  be  treated,  it  will  be,  in  many  cases,  eco- 
nomioal  for  lopm-cbasea  small  steam  boiler.  It  can  be 
readily  taki-:;  '  _:reatly  facilitating-  the  work  of  ])rej)aring  the 
wash  and  would  iiirii:sh  sullicient  steam  to  cook  two  or  thre.'  barrels  of 
the  wash  at  the  s;inietime.   By  the  use  of  a  horizontal  feed  j)ipe  and  verti- 

•cal  pipes,  extendinii- down  into  the  barrels  to  within  six  inches  of  the  bot- 
tom, each  supplied  with  a  val\e.  the  cookini^-  could  be  done  with  com- 
paratively little  annoyance.  The  ban-els  should  be  rnised  on  a  platform 
to  facilitate  the  work  of  drMwini;  otf  the  wash. 

There  have  been  reports  of  orcliardists  making  the  wash  successfully 
•without  boiling,  t':;  !  is,  bv  only  using  tlie  heat  generated  by  the  slacking 
of  the  lime  in  order  \n  make  the  combination.  In  this  method  about 
twenty  gallons  of  w.at.-r  is  boiled,  as  the  lime  must  be  slacked  with  hot 
water,  so  there  is  no  S])ecial  advantage  in  this  method,  as  that  amount  of 
water  has  to  be  boiled  and  the  additional  space  in  the  boiler  for  the  quan- 
itityof  lime,  sul[)hur  and  salt  is  very  small.    Also  iu  this  method  more 
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lime  must  be  used  which  would  be  practically  wasted.  There  are  also- 
some  differences  in  recommendations  as  to  addin;^'  hot  or  cold  water  in 
reducing-  the  mixture  to  the  regular  strength.  As  a  mattei'  of  iact  when 
the  wash  hits  the  tree  it  is  cold,  but  tiie  addition  of  liot  Avatcr  to  the 
concentrated  solution  will  add  greatly  to  the  ease  with  which  it  mav  be- 
applied  to  the  tree. 

The  lime,  mlphur  and  mid  wristli.  It  has  been  the  aim  of  cx-MPi-iment- 
ers  to  secure  a  wash  which  can  be  ])re{)ared  hs  easilv  as  possible  and  to 
this  end  the  following  formula  has  been  used  at  the  JS'ew^oik  (ienova 
Station  with  some  success. 

Lime  (stone),  33  i)ound?. 

Sulphur  (flowers),  17  pounds. 

Caustic  Soda,  4 2  pounds. 

Water,  50  gallons. 
The  lime  is  slacked  with  cold  water  being  careful  not  to  drown  it,  and' 
while  the  slacking  is  in  progress  the  amount  of  sul])hur  is  added  gradual- 
ly. After  this  add  a  part  of  the  caustic  soda  which  will  cause  a  violent 
boiling  and  before  this  is  over  add  the  remainder  which  should  cause  the- 
solution  to  become  somewhat  reddish,  dilute  to  50  gallons  and  strain  inta- 
the  spray  barrel.  A  good  c(uality  of  stone  lime  and  caustic  soda  shonld. 
be  used,  in  order  to  generate  as  much  heat  as  ])0ssible.  Abd  if  liot  water- 
is  used  a  good  solution  may  result.  While  this  is  rathei-  more  expensive- 
than  the  ordinary  wash,  it  may  be  useful  where  there  is  no  means  at 
hand  for  boiling  the  mixture.  In  New  York  it  has  pro\eii  successful  i« 
controlling  the  scale  in  some  cases  while  in  others  it  li;!s  noi.  On  the' 
whole  it  is  not  as  good  as  the  boiled  wash  and  costs  a  liLi'i'  luoic 

There  are  other  points  of  interest  in  regard  to  the  lime,  snljthur 
and  salt  wash  which  are  now  being  investigated. 

MODE  OF  APPLICATION. 
Any  pump  that  has  all  the  working  ])arts  brass  and  furnishes  a  con- 
stant high  pressure  may  be  used,  and  in  general  a  nozzle  that  is  satisfac- 
tory in  the  application  of  Bordeaux  mixture  will  also  be  suitable  for  the' 
Yv>  e,  sulphur  and  salt  wash.  The  "Pomona,'"  "Eclipse"  or  "Centurv" 
barrel-  sprayers  will  be  found  suitable  for  the  work.  Always  clean  the 
pumj)  thoroughly  after  using,  by  Avashing  out  with  clear  water.  The- 
hose  and  pumj)  are  very  easily  injured  if  the  mixture  is  alloweil  to  stand 
in  them  for  any  length  of  time.  Tiic  wash  is  somewhat  ilisagrecable  to 
use  but  one  soon  becomes  aceustoiiied  to  it.  The  S])ri:\  man  should  pro- 
vide himsif  with  a  rubber  or  oil  skin  coat,  hat  and  glo  i  s.  and  many  have 
found  a  ])air  of  goggles  very  useful.  A  slight,  ii'ri  hut : ,.)u  mav  arise  from' 
contact  of  the  wash  with  the  skin  hut  this  mighr  he  pre\euted  by  -i-reas- 
ing  or  rubbing  the  exposed  ])arls  with  \aseline.  it  is  also  a  good'plaii  to- 
throw  a  blanket  or  sack  over  the  horses.  The  mode  of  application  does 
not  differ  in  the  case  of  this  wasii  from  that  of  auv  other  si)rav  materials. 
The  main  i)oint  to  be  observed  is,  to  be  very  careful  that  all-the  I)arts  of 
the  tree  are  treated.  It  is  of  advantage  to  have  the  hose  of  suflicient 
length  to  enable  the  sprayer  to  encircle  the  tree  and  finish  ii.  before  leav- 
ing. Upoii  drying,  the '  trees  present  a  whitened  ap})earance  very  much 
as  if  white- washed  and  it  is  then  very  easy  to  detect  any  parts  that  have- 
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not  been  treated.  It  is  |^also  a  good  plan  before  spraying  to  head  the 
trees  back  as  it  is  difficult  to'apply  the  wash  on  the  terminal  twigs.  Thie 
is  generally  not  only  beneficial  to  many  classes  of  fruit  trees,  but  adds 
much  to  the  good  results  of  the  wash.  Where  trees  are  very  badly 
infested  and  some  of ^  the  terminal  twigs  dead  they  should  be  severely 
cut  back,  as  this  will  save  a  quantity  of  the  wash  and  will  enable  the 
trees  to  form  new  tops. 

SPRAY  PUMPS. 

Before  buying  a  spray  pump  secure  catalogues  of  the  following  firms 
and  select  the  one  best  suitedto  your  needs:  Griffith  &  Turner  Co.,  20.5  JSi. 
Paca  St.,  Baltimore,  Md. ,  who  handle  pumps  for  several  firms.  Gould 
Manufacturing  Co.,  Seneca  Falls,  N.  Y. ;  Morrill  &  Morley,  Benton  Har- 
bor, Mich.  ;  Deming  Co.,  Salem,  Ohio.  Hog  scalders,  steam  food  cook- 
ei-s,  boilers  etc.,  may  be  secured  through  the  Griffith  &  Turner  Co.,  Balti- 
more, Md.  ;  Thomas  C.  Bassher  Co.,  Baltimore,  Md.,  Crook  Horner  Co.. 
Baltimore,  Md. 

In  securing  a  pump  be  careful  to  select  one  that  has  all  the  working 
parts  brass.  A  good  pump  should  have  an  air  chamber,  so  that  a  con- 
stant high  pressure  (75  to  100  pounds)  may  be  maintained,  and  should 
have  a  strong  mechanical  agitator  attached.  Always  clean  the  pnm]» 
thoroughly  after  using. 

OPINIONS  OF  USERS  OF  LIME,  SULPHUR  AND  SALT  WASH. 

As  evidence  of  the  satisfaction  that  the  lime,  sulphur  and  salt  wash 
has  given  to  those  who  have  applied  the  same,  I  herewith  quote  a  few  of 
the  original  letters,  out  of  the  many,  which  have  been  received  in  answer 
to  an  inquiry  as  to  the  results  of  the  treatment. 

Sharpsburg,  Md.,  Oct.. 26,  1903. 

"My  dear  Sir: — In  controlling  the  San  Jose  scale  I  depend  entirely 
on  the  lime,  sulphur  and  salt  mixture.  The  results  have  always  been 
satisfactory.  I  have  some  fruit  trees  that  we)  e  badly  infested  with  the 
scale  but  after  a  thorough  spraying  last  fall  they  are  now  practicallj 
clean.  Part  of  my  bearing  apple  orchard  was  not  sprayed  last  spring  on 
account  of  the  foliage  being  so  early  that  we  did  not  get  through  with 
the  work.  The  apples  on  this  part  of  the  orchard  were  badly  covered 
with  the  scale,  injuring  the  fruit  vastly  much  more  than  the  cost  of  spray- 
ing would  have  amounted  to.  Of  course  it  is  a  trouble  and  <  onsiderable 
expense  to  spray  especially  when  the  trees  become  large;  boiling  the  mix- 
ture and  applying  it  is  not  pleasant  work  but  my  men  do  not  mind  it  af- 
ter the  first  (lay  or  two  and  would  just  as  soon  handle  the  pump  and  noz- 
zles as  anv  other  orchard  work. 

The  lime,  sulphur  aud  salt  mixture  willnot  only  keep  the  scale  un- 
der control  if  applied  annually  but  serves  as  a  fungicide.  It  practically 
takes  the  place  of  one  application  of  Bordeaux  mixture,  clears  the  bark 
of  all  moss  etc.,  and  leaves  the  foliage  bright  and  cleau.  No  person  own- 
ing an  orchartl  infested  with  scale  need  become  discouraged  and  destroy 
his  trees.  If  badly  coated  it  may  take  two  sprayings.  Do  not  use  a  very 
fine  noKzle;  use  a  good  pressure  and  force  the  spray  against  the  limbs  and 
branches,  (no  daiigi-r  of  injuiiiig  tree-"),  aud  the  result  will  justify  tron- 
bje  and  expense.  Yours  truly, 

(signed)  Samuel  S.  Stonffer. 
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Taylors  Island,  Md.,  Sept.  29,  1903. 
"My  Dear  Sir: — In  reply  to  your  favor  of  recent  date  in  reference 
to  treatment  of  trees  for  the  control  of  the  San  Jose  scale  ,  will  say  that 
while  I  have  tried  all  the  remedies  recommended  by  the  College,  namely; 
whale  oil  soap,  crude  petroleum,  kerosene  emulsion  etc.,  with  some 
success,  I  have  ne\'fer  obtained  as  good  results  from  any  of  them  as  I  haTt 
from  the  lime  sulphur  and  salt  mixture,  without  doubt  it  is  by  far  the 
l)est  remedy  for  the  control  of  the  pest  yet  recommended.  Not  only  in  my 
own  but  in  other  orchards  that  I  have  looked  over  where  the  remedy  has 
been  properly  applied  the  results  have  been  perfectly  satisfactory.  Such 
a  firm  believer  am  I  in  the  efficiency  of  this  remedy  that  1  do  not  fear 
the  San  Jose  scale  in  the  least.  It  must  be  borne  in  mind  however  that 
it  is  essentially  necessary  to  make  a  thorough  spraying  to  obtain  the  best 
results,  in  fact  every  part  of  the  tree  should  be  hit  with  the  mixture  and 
where  trees  are  verv  large  thev  should  be  given  a  vigorous  pruning  and 
cutting  back.  Between  March  15  and  30  of  this  year  I  sprayed  1,000 
trees  which  were  badly  infested  with  scale  using  the  formula  recommended 
l)y  the  College  namely  30  pounds  of  lime,  15  pounds  of  sulphur  and  12 
pounds  of  stock  salt.  The  trees  that  were  nearly  coated  over  with  scale  I 
gave  two  sprayings  about  two  weeks  apart,  (this  was  only  necessary  howcTei- 
as  a  safeguard  to  cover  all  the  tree),  this  orchard  has  not  only  been  examin- 
ed bv  myself  but  several  professors  from  the  College  have  examined  it 
with  the  result  that  very  few  live  scales  could  be  found.  This  with  othei- 
experiments  that  I  have  conducted  with  the  lime,  sulphur  and  salt  clearlj 
demonstrates  to  my  mind  that  by  thorough  spraying  with  this  remedy  th« 
San  Jose  scale  can  be  kept  in  perfect  control.         Very  truly  yours, 

(signed)  William  C.  TraTerB.'' 

Union  Bridge  Md.,  Sept.,  24,  1903. 
"My  Dear  Sir: — Yours  of  recent  date  received,  in  reply  will  say  the 
trees  which  were  infested  with  scale  and  on  which  I  applied  the  lime. 
•ulphur  and  salt  wash  are  in  a  manner  clean  of  all  scale,  and  that  I  fe^ 
confident  that  the  San  Jose  scale  can  be  reduced  to  a  minimum  by  itfl  nw. 
Respectfully  yours. 

(signed)  H.  K.  Fuss." 

Boonsboro,  Md.,  August  27,  1903. 
"My  Dear  Sir:— Your  letter  in  reference  to  my  experience  with  th» 
San  Jose  scale  received.  I  will  state  that  I  have  it  under  perfect  control  by 
the  use  of  the  lime,  sulphur  and  salt  wash.  In  the  fall  of  1902  it  look- 
ed to  me  as  if  the  scale  was  going  to  drive  me  out  of  the  fruit  business. 
During  the  winter  I  noticed  in  the  Agricultural  papers  that  the  lime, 
sulphur  and  salt  wash  was  being  used  successfully  in  the  Avest.  I  gather- 
ed confidence  enough  in  it  to  use  it  on  part  of  my  orchard.  The  result 
proved  satisfactory  so  that  the  following  spring  I  sprayed  my  entire  or- 
chard of  10,000  trees.  The  weather  following  the  spraying  was  extremely 
wet  and  almost  a  week  of  rain  and  some  very  hard  showers.  This  how- 
ever did  not  affect  the  results  as  they  were  all  that  could  be  expected.  One 
orchard  eight  years  old,  almost  killed  by  the  scale,  was  severely  trimmwl 
and  sprayed,  now  it  looks  like  a  young  orchard.  This  wash  seems  to  in- 
vigorate the  trees  gives  them  a  healthful  appearance  and  if  properly  ap- 
plied will  certainly  dratroy  the  scale.  Respectfully, 

(signed)  Caleb  Long.'''' 
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Cambridge,  Mcl.,  Sept  3,  1903. 
"Dear  Sir: — Yoiirs  of  the  2nd.  iust. ,  received.  Since  nsing  the  lime, 
sulphur  and  salt  wash  in  the  spring  of  1902,  I  found  it  an  effective  rem- 
edy for  the  control  of  the  San  Jose  scale.  A.pplied  on  peach  trees  this 
last  spring  when  the  buds  were  showing  pink  it  did  no  harm;  trees  bore 
a  full  crop.  Before  using  the  above  wash  my  experience  with  25  per  cent 
kerosene  emulsion  and  whale  oil  soap  was,  that  they  were  both  failures 
to  check  the  ravages  of  the  pest.  Lime,  sulphur  and  salt  is  0.  K.,  cheap- 
er and  more  effective.  Respectfullv, 

(signed)  F.  A. "Stokes,  M.  D." 

Mapleville,  Md.,  Sept.  8,  1903. 
"My  Dear  Sir: — My  experience  with  the  lime,  sulphur  and  salt  wash 
as  a  remedy  for  the  San  Jose  scale  has  been  exceedingly  encouraging. 
During  the  winter  of  1900,  San  Jose  scale  was  discovered  in  mv  peach"or- 
chard  and  in  the  following  spring  I  sprayed  with  mechanical  mixture  of 
coal  oil  at  the  rate  of  20  per  cent.  The  following  year  I  found  that  the 
scale  was  increasing  in  my  orchard.  I  again  sprayed  with  coal  oil,  using 
the  same  per  cent,  just  before  the  Inuls  opened.  Examinations  later  in 
the  year  revealed  that  the  scale  continued  to  increase  although  of  course 
the  coal  oil  had  some  effect  on  it  for  a  time,  however  by  this  time  my  or- 
chard was  getting  in  a  critical  condition  and  I  concluded  that  something 
else  would  have  to  be  done  or  I  would  lose  all  the  trees.  I  noticed  in 
the  papers  and  bulletins  a  great  deal  about  the  lime,  sulphur  and  salt 
mixture,  so  I  concluded  to  try  if.  The  results  were  far  ahead  of  those  of 
previous  sprayings.  I  sprayed  about  one  half  of  my  orchard  before  the 
buds  opened  and  the  remaining  part  when  the  trees  were  in  full  bloom. 
I  left  al)ont  50  trees  unsprayed  and  it  is  needless  to  say  that  those  were  in 
a  verv  bad  condition  the  following  fall.  That  summer  I  had  a  fine  crop 
of  peaches  and  found  that  the  condition  of  my  trees  had  improved.  In 
the  spring  of  this  year  I  again  sprayed  with  the  lime,  sulphur  and  salt 
mixture  and  at  present  I  have  the  scale  under  good  control  and  my  trees 
looking  very  healthy.  Very  respectfully, 

(signed)  J.  E.  Eahrney." 

Baltimore,  Md.,  Nov.  13,  1903. 

"Dear  Sir: — Replying  to  yours  in  reference  to  my  experience  with 
the  lime,  sulphur  and  salt  wash,  will  say  in  my  judgment  it  is  the  best 
spray  that  we  have  used. 

When  I  found  Ihe  scale  in  my  orchard  at  Rock  Hall,  Md.,  I  first 
used  whale  oil  soap  with  some  success,  but  last  March  I  used  the  lime, 
sulphur  aiul  salt,  and  am  very  well  pleased  with  the  results.  Trees  that 
I  thought  were  killed  from  the  scale  have  put  out  new  wood  from  the 
crotch  and  bv  lu-xl  spiiiig  I  will  h;ive  an  entire  new  head  on  the  old 
stump;  the  old  dead  limbs  are  still  standing  but  I  wilt  take  them  out  this 
winter.  I  give  the  lime,  siilpliiir  ;ind  t-alt  the  credit  for  this  and  shall 
use  it  extensivelv  next  spring.  1  would  advise  those  who  have  the  scale 
to  use  the  wash  in  preference  to  all  others  known  up  to  the  present  time. 
Yours  truly, 

(signed)  Allan  A.  Harris." 
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EXPERIMENTS  WITH  NITROGENOUS  FERTILIZERS 

"The  entire  art  of  manuring  is  dependent  upon  a  rational  (in  l  cxart 
application  of  nitrogen.''' — Wagner. 

By  H.  J.  Pattersox. 


The  experiments  reported  upon  in  this  connection  were  not  .-inifdy  soil 
tests  conducted  for  the  object  of  determining  if  a  particular  piece  nf  land 
needed  applications  of  nitrogen,  and  if  so  how  much ;  but  the  idea  in 
mind  in  planning  and  carrying  out  the  work  was  to  study  some  of  the 
underlying  ])rinciples  connected  with  the  use  of  nitrogenous  fertilizers  of 
different  kinds  and  to  compare  the  principal  sources  of  nitrogen  which 
are  commonly  found  on  the  nuirket.  It  is  hoped  that  the  results  which 
have  been  and  will  be  obtained  in  connection  with  this  study  will  in  the 
main  be  just  a^  applicable  in  one  part  of  Maryland  as  another  and  in  fact 
have  abroad  and  general  value  iu  all  sections  where  commercial  fertilizers 
are  being  used. 

Before  taking  iu  detail  the  plans  of  the  experiments  conducted  and  the 
results  obtained  up  there  will  be  given  a  brief  description  of  the  different 
sources  of  nitrogen  available  to  farmers  and  a  few  words  as  to  the  history 
of  its  use  in  agriculrure  as  far  as  known. 

EARLY  USE  OF  NITROGENOUS  FERTILIZERS. 

The  first  writers  and  investigators  upon  the  subject  of  plants  and 
their  relation  to  the  fertility  of  the  soil  seemed  to  content  themselves  with 
pointing  out  the  relations  between  the  mineral  matters  of  the  soil  and 
plants  and  for  a  time  thought  that  it  was  only  necessary  to  supply  to  soils 
these  essential  mineral  substances  in  order  to  increase  their  productive 
capacity. 

The  results  set  forth  by  Saussure  ( ISO-t),  Sir  Humphrey  Daw,. 
(1814),  Springel  (1839)  and  indeed  the  earlier  researches  of  Liebig  seemed 
to  explain  quite  satisfactorily  that  the  theory  of  manuring  depended  en- 
tirely upon  furnishing  to  the  plant  those  elements  found  in  the  ash. 

The  conclusion  drawn  by  these  early  investigators  was  no  doubt 
largely  due  to  the  character  of  land  upon  which  the  tests  were  conducted. 

Among  some  of  the  early  investigations  conducted  at  Eothamsted  it 
was  pointed  out  for  the  first  time  in  a  clear  and  convincing  manner  that 
the  ash  constituents  of  plants  did  not  furnish  all  that  was  requisite.  The 
Eothamsted  experiments  showed  that  yard  manure  produced  a  marked 
increase  in  yields  while  the  ash  from  a  like  (juantity  of  manure  produced 
no  increase.  It  was  ia  connection  with  this  source  of  investigations  that 
the  value  of  nitrogen  and  the  application  of  nitrogenous  manure  was  point-- 
cd  out  for  the  first  time. 
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While  uKiuy  manures  and  other  materials  contaiiiiug  uitrogeii  liad 
been  used  for  many  years,  probably  from  almost  the  earliest  days  of  agri- 
cnltnre,  for  we  have  record  that  the  early  American  settlers  found  it  a 
practice  with  the  Indiaus  to  put  fish  iu  the  corn  hills;  yet  all  of  the  use 
of  such  materials  was  done  without  auv  real  knowledge  of  nitrogen  and 
its  relation  to  plant  growth  and  without  attributing  their  value  to  any 
particular  ingredient.  Thiis  it  is  seen  that  the  early  history  surrounding 
the  use  of  nitrogenous  fertilizers  is  even  more  indefinite  than  that  of  lime 
potash  and  phosphoric  acid  and  that  nitrogen  like  many  things  came  into 
general  use  without  its  virtues  beinu  understood  and  that  these  togethei' 
with  the  reasons  for  its  use  were  left  to  be  explained  latei'. 

NITROGEN  ESSENTIAL  TO  PLANTS. 

Nitrogen  is  one  of  the  most  important  elements  of  plant  food  for  it 
is  found  not  only  in  every  jmrt  of  plants  but  the  compounds  of  which  it 
forms  a  part  contributes  largely  to  the  value  of  plants  for  food  purposes. 
Nitrogen  exerts  a  very  marked  infiuence  on  the  growth  of  plants  and  eith- 
er a  deficiency  or  abundant  supply  will  be  manifest  iu  a  few  hours,  in  the 
vigor  of  the  plant.  This  condition  of  itself  would  indicate  that  this  ele- 
ment performed  some  very  important  function  in  plant  nutrition. 

LOSS  OF  NITROGEN  FROM  THE  SOIL. 

Nitogen  is  the  only  one  of  the  essential  plant  foods  that  is  subject  ^ 
to  any  extent,  to  actuai  loss  aside  from  what  is  removed  by  crops. 

Nitrogen  compounds  particularly  the  nitrates  are  very  soluble  in  water 
and  hence  there  is  more  or  less  loss  of  these  vahuibie  materials  by  leach- 
ing into  the  drainage  waters. 

The  researches  of  Way  and  others  have  shown  that  ammonia  com- 
pounds are  to  a  considerable  extent  retained  by  soils,  only  traces  of 
ammonia  being  found  in  ilrainage  water:  nitrates,  however,  are  not  re- 
tained in  this  manner,  and.  unless  they  are  appropriated  by  plants,  are 
easily  washed  out  of  I  he  >oil  l)y  rain-  and  lost.  Owing  to  the  readiness 
with  which  plant  roots  absorb  nitrates,  there  is  practically  no  loss  in  soils 
which  are  covered  bv  vegetation:  on  the  other  hand,  the  loss  from  a  bare 
fallow  is  sometimes  enormous.  The  lysimeter  observations  at  the  New- 
York  .^ricultural  Experiment  Station  showed  a  loss  at  the  rate  of  over 
200  pounds  of  nitrogen,  in  the  form  of  nitrates,  per  acre  each  year  from 
the  Ivsimeter,  where  the  soil  was  kept  free  from  vegetation,  while  from 
the  lysimeters  having  the  soil  covered  with  grass,  the  loss  was  less  than 
one  pound  per  acre.  Although  these  results  do  not  necessarily  Indicate 
what  occurs  in  cultivated  tields,  they  are  certainly  suggestive,  and  with 
other  experiments,  sustain  the  practice  of  keeping  agricultural  land  con- 
stantly occupied  by  some  growing  plants. 

In  addition  to  the  nitrogen  removed  from  the  soil  by  crops  and  by 
drainage,  a  little  nitrogen  gas  escapes  into  the  air,  it  being  set  free  by 
the  oxidation  or  decay  of  organic  matter.  The  total  amount  of  this  loss 
varies  with  climate,  "with  the  kind  of  crop  and  with  the  method  of  cul- 
ture. Tillage  increases  it,  antl  it  is  coinparatively  small  in  wild  land  and 
in  permanent  pasture. 
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Nature  replaces  these  losses  to  the  soil  in  the  organic  matter  which 
(Jecays  upon  its  surface,  in  the  nitric  acid  and  ammonia  dissolved  in  rain 
and  dew,  and  lastly,  in  some  unknown  way,  from  the  free  nitrogen  of  the 
air,  by  converting  it  into  compounds  suitable  for  plant  nutrition.  But 
under  the  common  conditions  of  agriculture,  the  losses  almost  invariabl.' 
exceed  the  supply  and  after  a  time  the  available  nitrogen  is  reduced  to  a 
point  where  jirotitable  crops  cannot  be  grown  without  the  use  of  nitrogen- 
ous manures  derived  from  some  other  source  than  the  soils  themselves. 

The  quantity  of  nitrogen  received  by  the  soil  in  rainwater  has  been 
determined  in  numerous  places  and  found  to  vary  greatly  vyith  locality. 
The  Kansas  Experiment  Station  reports  an  average  rain-fall  of  29  inches 
for  four  years,  containing  3.44  lbs.  of  nitrogen  per  acre  per  year.  At 
Rothamsted,  England,  .3.74  lbs.  of  nitrogen  per  acre  was  thus  annually 
obtained;  on  the  continent  of  Europe,  the  (juantity  was  5.23  lbs.  and  at 
Tokio,  Japan,  only  2.8  lbs.  This  source  of  natural  manuring  was  ecpiiv- 
alent  to  applications  of  nitrate  of  soda  per  acre  as  follows:  Kansas,  20.9 
lbs;  England.  22.5  lbs;  Europe,  31.4  lbs.  and  Japan,  16.8  lbs.,  annually. 

GENERAL  CONDITIONS  INDICATING  THE  NEED  OF  NITROGEN. 

As  a  rule  when  plants  are  pale  green  or  ^ellow  in  color  or  when  there 
is  a  small  growth  of  leaf  or  stalk  and  other  conditions  are  favorable, 
tlu'  indications  point  to  a  lack  of  nitrogen.  However  a  bright 
green  color  and  a  vigorous  growth  of  leaf  and  stalk  does  not  always  indi- 
cate that  uion-  nitrogen  could  not  be  used  to  advantage.  An  excessive 
growth  of  leaf  or  stalk  accompanied  by  an  imperfect  flower  and  fruit  or 
grain  development  indicates  that  there  is  an  abundance  of  nitrogen  for  the 
needs  of  the  crop  under  existing  circumstances  and  that  more  phosphoric 
acid  or  potash  or  both  are  necessary  in  order  to  provide  a  balanced  ration. 
In  such  cases  if  the  phosphoric  acid  and  potash  were  supplied  in  sufficient 
quantities  there  is  even  a  probability  that  more  nitrogen  could  be  utilized 
to  advantage. 

QUANTITY  OF  NITROGEN  ANNUALLY  REMOVED  FROM 
MARYLAND  FARMS. 

In  order  to  convey  some  idea  of  the  great  drain  of  Jiitrogen  fi-om 
Maryland  the  figures  in  Table  I.  have  been  compiled  showing  the  amount 
which  is  removed  by  the  staple  crops.  Though  these  figurt-s  may  seem 
large  yet  they  represent  only  apart  of  tlie  nitrogen  that  is  annually  needed 
by  crops.  The  amount  removed  by  over  Seven  ]\I illioii  dollars  worth  of 
truck  crops,  small  fruits,  orchard  fruits  and  etc.,  annually  sold  is  not 
accounted  for  in  the  table,  or  the  very  considerable  amount  removed  by 
the  live  stock,  poultry,  eggs  and  milk  produced.  The  total  amount  of  ni- 
trogen removed  as  exhibited  by  the  figures  in  the  table  (  79.230.104  pounds) 
would  require  247.594  tons  of  standard  nit  rate  of  soda  or  its  equivalent  to 
replace  it.  This  M'ould  mean  an  expenditui-e  of  nearly  ten  million  dollars 
for  nitrogen  Avhich  when  added  to  the  two  million  dollars  for  ])Otash  and 
the  one  million  dollars  for  phosphoric  acid  make  a  errand  total  of 
thirteen  million  dollars  worth  of  essential  plant  foods  used  by  the  staple 
crops. 
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TABLE  I. 

Approximate  Q  iantity  of  Nitrogen  used  by  the  Staple  Crops  grown  in  Maryland. 


Crop 

AcrfS 

Pou nds  0 f 

Ppj*  cent 

Pounds 

Crop 

Nitro  gen 

of 

Nitrogen 

'Corn  gram  

658,010 
*' 

1.107.924.560 

1 .82 

20  164,227 

2,215,849,120 

1  .04 

23.045,831 

634,446 

580,308,000 

2.36 

1.3,69.5,269 

986  523,600 

0.59 

5,820,48S» 

44,625 

2  06 

731  422 

60.360,000 

0^62 

374I232 

1,515 

2,042.880 

1.51 

30.847 

3  342  140 

1.31 

43,782 

Rve  

21,621 

15.654,8n0 

.76 

275,524 

26,613,160 

0.46 

122,421 

8  047 

5.E65.600 

1.44 

80.145 

Buckwheat  straw.. 

9.461,F.20 

0.49 

46,361 

374,848 

1.014,084,000 

1.41 

14,298,584 

43,911 

24,589,480 

0.67 

164,7fi0 
336.320 

32.941 

160,162,420 

0.21 

THE  ORIGIN  AND  SUPPLY  OF  NITROC^EN  IN  SOILS. 

Nitrogen  unlike  the  mineral  constituents  of  soils  does  not  have  its 
origin  from  the  decomposition  of  rocks  but  it  has  been  derived  from  some 
outside  source.  The  nitrogen  of  soils  has  been  derived  lai-gely  from  prev- 
ious vegetation;  though  some  has  been  bi-onght  to  the  soil  through  rain 
water.  The  supply  of  nitrogen  in  the  most  fert i le  and  best  cultivated 
land  has  had  its  origin  through  the  agency  of  the  plants  growing  upon  it, 
through  absorption  from  the  atmosphere  by  means  of  rain  and  dews  or 
through  artificial  applications  or  a  combination  of  these  agencies. 

Very  wide  diflerences  e.\i.--t  in  the  amount  of  nitrogen  in  ditierent 
soils;  but  will  be  fouiul  to  range  in  cultivated  soils  from  as  little  as  0.005 
])er  cent  in  some  sandy  soils  to  as  much  as  th]-ee  per  cent  in  peat  soils. 
Fertile  soils  generally  range  from  one  tenth  to  thi'ee  Tenths  of  one  per 
cent.  Most  of  the  nitrogen  is  generally  found  in  the  sni-face  foot  of  soil 
and  the  (juantity  rapidly  diminishes  downward.  In  nio>t  cultivated  soil* 
there  is  generally  found  much  less  nitrogen  than  potash  and  phosphoric 
acid.  Nitrogen  is  the  only  plant  food  which  is  much  subject  to  loss  by 
leaching  and  as  it  is  the  mo.st  expensive  to  buy  it  is  of  paramount  impor- 
tance that  methods  for  its  conservation  are  well  looked  after. 

CONDITIONS  OF  THE  NITR(JGEN  OF  SOILS. 

The  nitrogen  of  all  fertile  soils  exist  in  both  organic  and  inorganic 
-combinations.  In  most  soils  there  will  be  found  some  nitrogen  in  organic 
compounds,  some  in  ammonia  compounds  and  some  as  nitrates. 

It  is  only  the  nitrogen  in  forms  of  nitrates  that  is  available  to  plants. 
The  nitrogen  which  exists  in  organic  and  ammonium  combinations  must 
■first  be  converted  into  a  nitrate  before  it   will  be  useful  to  growing  crops. 
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The  organic  nitrogen  which  exists  in  ii  soil  or  which  is  supplied  to  it  by 
means  of  staMe  manure  or  some  of  the  organic  sources  of  commercial 
fertilizers  must  first  undergo  the  ordinary  decomposition  or  putrification 
which  is  eifected  liy  a  hacleria  and  be  converted  into  an  ammonium  com- 
pound. Afh-r  this  has  1al<eu  jtlace  the  conditions  are  favorable  for  what 
is  termed  nilrilication  or  the  conversion  of  the  nitrogen  to  a  nitrate  which 
will  be  available  to  plants  for  food. 

NITRIFICATION. 
It  is  not  the  intention  in  this  paper  to  discuss  this  subject  at  any 
length  as  it  is  entirely  too  lai'ge  to  handle  thoroughly,  but  it  is  believed 
that  a  few  statements  upon    the  subject  may  be  helpful  to  some  in  a  more 
rational  use  of  nirogenous  fertilizers. 

As  far  as  known  at  present  it  is  believed  that  uitri6cation  is  caused 
by  two  distinct  organisms.  The  work  of  the  first  is  to  convert  the 
ammonium  compounds  to  nitrous  acid  or  a  nitrite  and  is  known  as  the 
nitrovs  ferrnvnt.  The  woi'k  of  this  nitrous  ferment  is  immediately  fol- 
lowed by  the  conversion  of  the  nitrous  into  nitric  acid  or  a  ni'trate  by 
means  of  w  liat      known  as  the  NUrir  Ferment. 

These  ferments  or  bacteria  are  very  small  plants  and  while  they  gen- 
erally exist  in  vast  numbers  yet  thev  cannot  he  seen  without  the  aid  of 
powerful  magnifying  glasses  or  microscoi)es.  Nitrification  does  not  take 
place  under  etxreme  conditions  but  jjroceeds  best  when  it  is  neither  too 
warm  or  too  cold,  neither  too  dry  or  too  wet.  Nitrification  stops  when  the 
temperature  is  below  35  degrees  or  above  130  degrees  F.  It  is  favored  by  a 
fair  amount  of  organic  matter  yet  there  is  a  [xissibilit v  of  this  ])eing  in 
excess  but  this  condition  is  nol  commonly  im  l  wil  h  in  ordinary  farm 
practice,  it  takes  be^-t  in  soils  which  are  feebly  alkal ine  and  hence  is 
favored  by  the  judicious  use  of  lime.  Oxygen  and  moisture  are  necessary ; 
hence  the  soil  should  be  proj)erly  drained  so  as  to  supj)ly  these  re<|uire- 
ments  to  advantaiie. 

SOURCE  OF  NITROGEN. 
Nitrogen  has  always  been  the  most  costly  element  in  artificial  fertil- 
izers, and  a1  the  same  time,  the  element  which  is  most  often  deficient  in 
cultivated  soils  and  also  the  easiest  to  lose  by  carelessness  and  waste. 
These  conditions  in  themselves  n;ake  a  study  of  this  element  of  interest 
and  ])ro6t  and  it  liecomes  doubly  so  since  there  are  s\ stems  of  fanning 
which  make  it  possible  to  supply  a  considerable  amount  of  this  element 
without  purchase.  Motives  of  eC(jnomy  have  forced  consumers  to  give 
more  attention  to  saving  and  supplying  nitrogen  from  home  resources  and 
buying  less.  Manufacturers  have  had  a  tendency  to  lessen  the  percentage 
of  nitrogen  or  ammonia  in  their  mixed  fertilizers  for  the  general  market, 
in  order  to  reduce  the  price  on  these  goods. 

A  consideration  of  these  facts  produce  an  appreciation  of  the  force  of 
Prof.  Paul  Wagner's  statement  that  "The  entire  art  of  manuring  is  de- 
pendent upon  a  rational  and  exact  application  of  Nitrogen." 
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Nitro^eea  occurg  in  nature  iu  the  following  fovni!»: 

(1)  As  a  constituent  of  nir.  as  free  nitrogeu. 

(2)  In  the  form  of  ammonia. 

(3)  In  the  form  of  nUric  acid  and  iiitrafex. 

(4)  In  various  forms  in  plants  and  animals  or  orynnic  sources- 

1.  Xifrogea  in  nir.  Nitrogen  exists  in  the  air  uncombiaed  with  any 
other  element  or  in  other  words  in  a  free  state.  It  is  an  inert,  tasteless, 
odorless,  colorless  gas,  constituting  approximately  four-fifths  of  the  bulk 
of  our  atmosphere.  The  other  one-fifth  is  approximately  oxygen.  Most 
cultivated  plants  cannot  use  the  free  nitrogen  of  the  atmosphere  directly 
but  the  legumes  (clover,  peas,  beans,  etc),  are  enabled  to  use  it  indirectly, 
through  the  agency  of  organisms  which  are  found  on  their  roots.  When- 
ever nitrogen  is  mentioned  in  connection  with  fertilizers  or  fertilizer 
analyses,  the  gas,  as  such  is  referred  to.  The  chemical  designation  or 
symbol  for  nitrogen  is  N. 

XHroijen  in  ammoniit.  Ammonia  is  formed  by  a  chemical  union  of 
one  part  of  Nitrogen  (N)  with  three  parts  of  hydi-ogen  (H)  and  described 
by  ILjN.  The  Ib^N  is  a  gas  which  dissolves  in  or  unites  very  easily  with  water 
and  forms  ammonium  hvdrate  (H4N0n)  which  is  the  common  "ammonia 
water,"  "aqua  ammonia""  or  "Spirits  of  Hartshorn"'  of  co]nmerce. 
Ammonia  is  formed  when  vegetable  and  animal  substances  containing 
nitrogeu  decompose  or  when  they  are  subjected  to  dry  distillation.  Thus 
most  of  the  ammonia-  of  commerce  is  made  as  a  l)ye  product  in  the  manu- 
facture of  illuminating  gas  from  coal  or  in  making  coke.  Ammonia 
unites  with  different  acids  atul  furms  salts  somew  lial  im-lals  do.  These 
salts  are  called  Aininoniiun  Sul/.^.  These  salts  aiv  generally  wliite,  neutral, 
odorless,  and  crystaline  in  appearance  much  like  common  salt.  Thus 
ammonia  combined  with  sulphuric  acid  forms  a invioni ion  sulphate  com- 
monly called  sulphate  of  ammonia  which  is  the  only  ammonium  com- 
pound commonly  met  with  in  the  fertilizer  trade.  Ammonia  combined 
with  hydrochloric  acid  forius  ammonium  chloride,  some  times  called 
muriate  of  ammonia  also  known  as  sal  ammoniac.  Sal  ammoniac  is  the 
salt  used  for  dissolving  in  the  water  commonly  used  in  telephone  batteries. 

There  is  a  very  small  amount  of  ammonia  in  the  atmosphere  (estimat- 
ed at  1  pound  in  2ii.00OO.0O  en.  yds.  of  airland  some  uf  this  finds  its 
way  to  the  soil  through  dews  and  rains.  Some  ])lants  have  the  power  to 
absorb  ammonia  directly  from  the  air  through  their  leaves  and  some 
plants  can  use  the  ammonium  salts  thi-ough  the  soil  dii-ectlv,  but  for  the 
most  part  the  ammonium  compounds  are  changed  into  nitrates  iu  the 
soil  before  being  used  by  plants. 

Sulpltate  of  Aninionia.  This  is  the  only  ammonium  compound  which 
is  much  used  or  found  in  the  fertilize)'  trade.  When  pure  it  is  a  white 
crystaline.  odorless,  salt,  but  as  found  in  the  fertilizer  trade  is  often  much 
colored  and  has  some  odor  from  the  impurities  it  contains.  Most  of  the 
sulphate  of  ammonia  of  commerce  is  obtained  as  a  bye  product  in  the 
manufacture  of  illuminating  gas  and  from  coke  works.  It  is  nuide  by 
absorbing  the  ammonia  gas  in  sulphuric  acid,  then  evaporating  the  ex- 
cess of  water  until  a  dry  .salt  is  obtained.  It  contains  about  20  per  cent 
of  nitrogen. 
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When  ammonia  i,s  referred  to  in  an  analysis  of  a  fertilizer  it  generally 
means  the  percentage  of  H^N.  In  most  states  the  trade  jD'efers  (juotiiig 
ammonia  instead  of  nitrogen.  This  is  probably  due  to  the  foree  of  early 
habit  as  it  was  easier  to  explain  to  farmers  what  ammonia  or  hartshorn 
was  than  nitrogen  from  the  ffict  that  every  farmer  was  already  familiar 
Avith  Hartshorn  due  to  its  odor  in  horse  stables  and  manure  ])iles.  By 
stating  the  analysis  as  ammonia  the  percentage  is  higher  than  it  would  be 
t^tated   as  nitrogen. 

To  convert  any  stated  percentage  of  ammonia  to  its  ecpiivalent  of  ni- 
trogen, the  rule  is  to  divide  the  former  by  17  and  multiply  the  quotient  by 
14.  To  make  the  i-everse  computation  divide  the  stated  per  cent  of  nitro- 
gen by  14  and  multiply  by  17,  the  result  is.  the  e([ni\aleiit  ammoni-.. 

3.  Nitrogen  i)i  Xitraies.  When  two  parts  or  equivalents  of  the  gas 
Nitrogen  (N)  is  combined  with  five  parts  or  equivalents  of  oxyifen  (0)  it 
forms  nitric  acid  or  nitric  anhydride  and  is  represented  by  the  symbol 
NoOr,.  This  is  what  is  meant  when  nitric  acid  is  referi-ed  to  in  a  chem- 
ical analysis.  Commercial  nitric  acid  or  o(iua forfis,  is  a  comljination  of 
pure  nitric  acid  with  water  (HqO)  and  forms  what  is  desei-ibed  chemical- 
ly by  HNO.{.  Nitrates  are  formed  by  a  combination  of  nitric  acid  with 
a  metal  or  base  or  in  other  words  by  the  replacing  of  the  hydrogen  of 
HNO;!  with  a  base  such  as  sodium,  potassium  or  lime,  and  thus  making 
a  salt  such  as  sodium  nitrate  (N.,NO,j)  or  as  conmionly  called  nitrate  of 
soda. 

The  largest  part  of  the  nitrogen  obtained  by  most  plants  is  taken  up 
by  their  roots  ;from  the  soil  as  nitrates.  Most  of  the  nitrates  used  by 
plants  are  formed  from  ammonium  compounds  and  organic  substances  iii 
the  soil  process  called  nitrification.  Thus  it  will  be  noted  that  nitrates 
are  the  most  available  form  of  nitrogen  for  most  plants  as  they  can  be 
directly  and  readily  taken  up  and  used  by  plants  as  food. 

Nitrate  of  Soda.  Also  known  as  "chili  salpeter"  is  the  nitrate  com- 
monly found  on  the  market  for  fertilizing  purposes.  It  is  found  in  large 
deposits  which  have  been  formed  in  the  rainless  regions  of  C'h;!i  and  Peru. 
The  following  is  the  description  of  the  nitrate  deposits  as  given  by  Dr. 
John  A.  Myers  in  American  Chemical  Journal,  Vol.  21  (1899)  p  445. 

"At  present,  the  entire  supply  of  sodium  nitratt'  comes  from  Chili, 
although  it  is  found  in  some  other  pai'ts  of  the  world,  but  not  in  suffic- 
ient (juantities  to  compete  in  the  uuirkets  of  the  WDi  ld.  The  jiortion  of 
the  west  coast  of  Chili,  where  it  is  found,  between  latitudes  ID  (l..^■l■ees  12 
minutes  south,  and  'ib  degrees  45  minutes  south,  extends  o\ei-  a  length  of 
approximately  2G0  geographical  miles.  The  princi|>al  depu,-its  are  found 
in  the  provinces  of  Tarapaca  and  Antofagasta,  in  Chili  and  the  center  of 
trade  is  Iqui(iue.  It  exists  in  a  long  narrow  strip  averaging  about  two 
and  (me-half  miles  in  width  extending  along  the  eastern  slope  of  the 
Coast  Eange  at  an  average  distance  of  perhaps  fourteen  miles  from  the 
ocean  but  in  a  number  of  cases  it  is  probably  as  much  as  forty  miles  from 
the  coast.  The  region  where  it  is  found'is  a  rainless  desert  absolutely 
devoid  of  vegetation.  The  nitrate  beds  exist  at  a  height  of  from  3000  to 
5000  feet  above  sea-level  and  extend  down  towards  the  valley  of  Tama- 
gruel.    This  accumulation  in  the  course  of  ages  was  elevated.    One  of 
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the  o\  idciices  of  this  lies  in  the  fact  that  the  remains  of  seaweed  are  foiiiul 
in  the  nitrate  depcjsit.-.  The  beds  are  500  or  600  feet  above  the  valley  of 
Tauiagruel  and  extend  down  toward  it  decreasing  in  value  as  they  ap- 
proach it  until  they  finally  disappear  upon  reaching  it.  The  beds^sist 
under  the  following  conditions  and  skilled  prospectors  can  generally  locate 
the  beds  with  considerable  certainty  by  the  surface  indications: 

The  surface  for  a  depth  of  approximately  ten  inches  is  covered  wilh 
a  layer  of  tine  loose  sand;  under  the  sand  is  found  a  layer  of  amorphous 
porphyry,  fcldspai',  sodium  chloride  and  other  mineral  matter  cementeil 
togethei-  t)y  gyi)sum  into  a  compact  mass  v;irying  in  thickness  from  six  to 
ten  feet.  Til  is  is  called  rU'>7?YO)r  crust.  Under  this  crust  is  found  the 
(■aJic]u\  oi-  impure  sodium  nitrate,  varying  in  thickness  from  a  foot  and  a 
half  up  to  about  twclv.-  feet.  The  calirlw  occurs  in  a  great  variety  of  col- 
ors, as  yellowish  white,  oi-angc,  blue-gray  and  dirt  color.  This  deposit  is 
a  regular  stratum,  with  all  the  appearances  ot  a  rock  formation  firmly, 
cemented  together,  and  is  displaced  from  its  natural  position,  by  blasting. 
'IMie  system  of  blasting  is  peculiar  in  this,  that  they  drill  a  hole  through 
the  crust  and  through  the  ralirhc,  down  to  the  clay  surface  beneath,  large 
enough  to  admit  a  boy.  who  is  let  down  and  excavates  the  clay  under  the 
caliche,  so  that  the  blast  can  be  placed  under  the  material  to  be  broken  up, 
the  object  being  to  thrust  up  as  large  a  mass  of  caliche  as  possible.  This  is 
then  broken  up  by  tht'  tools  of  the  workmen  into  chunks  the  size  of  an 
orange,  and  the  imptii  ities  as  carefully  removed  as  possible  by  the  process 
of  selection.  T'his  crude  material  is  then  transported  to  the  Avorks  where 
it  is  run  through  a  crusher,  and  dissolved  in  hot  water.  The  better 
quality  of  caliclic  contains  from  forty  to  fifty  per  cent,  of  sodium  nitrate. 
The  average  quality  from  thirty  to  forty  per  cent,  of  sodium  nitrate,  and 
the  ])oorest  i|uality  that  is  woi'ked,  from  seventeen  to  thirty  per  cent,  of 
sodium  nitrate,     'i'he  best  (piality  of  caliche  runs  as  follows. 

Per  cent. 


Sodium  nitrate   50 

Sodium  chloi-ide   26 

Sodium  sulphate   G 

Magnesium  sulphate   3 

In.soluble   U 

Sodium  iodate  \ 
Sodium  niti-ace 

Magnesium  chloride   |    1 

Potassium  chloridi'  |   

Magnesium  nitrate  100 


The  nitrogen  in  nitrate  of  soda  being  already  in  tlie  form 
re(iuired  hy  jilants,  possesses  a  divided  advantage  oyei-  the  various 
forms  of  organic  nitrogen  in  that  its  action  does  not  depend  upon  the  de- 
composition which  such  materials  must  undergo,  tir  the  coiulitious  upon 
which  such  decompositions  depend.  Nitrate  of  soda  is  (piickly  dissolved 
in  water  and  is  immediately  available  to  plants  and  as  it  forms  no  com- 
bination in  the  soil  which  are  less  soluble  it  soon  becomes  diffused  or  dis- 
tributed through  the  soil  and  rapidly  reaches  every  point  where  it  may  be 
utilized.     This  characteristic  however  subjects  this  valuable  material  to 
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lost;  by  being  leacbod  or  washed  out  of  the  soil  by  excessive  rains  and  sug- 
gests the  desirability  of  applying  the  nitrate  in  small  (juantities  as  needed 
liy  the  ci'op. 

Xifniti'  i,f  I'otitsh.  This  is  the  true  ".Saltpetei-""  of  conmieree.  It  is 
rich  ill  both  ii i troi^'cn  and  potash  and  would  be  a  valuable  soui'ce  of  plant 
food  were  it:  not  foi-  the  fact  that  its  supply  is  limited  and  it  has  many 
other  uses  in  the  arts  which  cause  the  price  to  be  too  high  for  fertilizing 
purposes.  This  was  a  favorite  and  important  soui'ce  of  nitrogen  before 
the  discovci-v  of  tlic  deposits  of  nitrate  of  soda  and  of  potash  before  the 
discovery  of'th.'  St  r.issf  a  it  potash  salts.  Most  of  the  iiiti'ate  of  potash  is 
found  in  eaves ;  but  in  recent  vears  thei'c  has  been  numerous  reports  of 
the  discovery  of  extensive  deposits  in  Africa.  I)ut  uji  to  this  lime  not 
enough  has  reached  the  markets  to  materially  affect  the  price. 

Nitrate  of  potash  possr.^-es  the  same  general  characteristics  as  nitrate 
of  soda.  It  contains  almut  three  per  cent  less  nitrogen  than  nitrate  of 
soda  but  contains  about  45  per  cent  of  ])otash  which  is  aval iable  to  plants ; 
hence  is  a  very  concentrated  fertilize!'. 

(4)  Organic  sources  of  Xifrogen.  This  form  of  nitrogen  is  supplied 
in  animal  and  vegetable  products  in  which  the  nitrogen  exists  in  coml)i- 
nation  with  hydrogen,  oxygen  and  carbon.  Some  of  the  substances  for 
example  are  the  casein  or  curd  of  milk,  the  gluten  or  gummy  portion  of 
wheat,  the  fibrin  of  blood  and  the  white  of  egg.  When  vegetable  and 
animal  products  decompose  the  nitrogen  is  first  changed  into  ammonia 
and  then  under  proper  conditions  of  warmth,  moisture  and  access  of  air, 
into  nitric  acid  and  nitrates. 

Animal  sources  of  Nitrogen  constitute  not  only  the  chief  organic 
source  but  probably  the  largest  proportion  of  nitrogen  occurring  in  com- 
niercial  fertilizers  are  of  animal  derivation.  This  material  comes  mainly 
from  slaughter  houses  rendering  works  and  fish  oil  factories.  The  fol- 
lowing are  the  most  commonly  used;  Azotine  or  ammoDite,  bone  meal, 
dried  blood,  dried  fish,  fish^ scrap,  garbage  tankage,  hair,  hoof  meal,  horn 
dust,  leather  meal,  lobster  shells,  meat  scrap,  nitrogenous  guanos,  tank- 
age and  wool  waste. 

Azotine  or  Ammonite  are  rather  meaningless  names  given  to  dried  and 
ground  meat,  tendons,  membranes  and  etc.,  fi-om  which  fat  has  been  ex- 
tracted at  pork  packing  and  rendering  houses.  It  usually  contains  about 
10  per  cent  of  nitrogen  and  3  or  4  per  cent  of  pliosj)horic  acid. 

Bone  Meal  properly  belongs  to  phosphatic  i-athei-  than  niti-ogeuous 
fertilizers,  yet  as  this  material  is  used  extensively  as  a  source  of  phosphoric 
acid  and  at  the  same  time  furnishes  :!  to  5  per  cent  of  nitrogen  itassumes 
(■(Uisidei'able  importance  as  a  source  of  nitrogen. 

Dried  Bhioil  is  derived  from  the  blood  of  slaughtei'ed  auimals  and  is 
])rej)ared  for  market  by  evaporating,  drying  and  grinding,  The  color 
varies  with  the  degree  of  heat  to  which  it  has  been  subjected  in  di  ving, 
ranging  from  red  to  black.  The  amount  of  nitrogen  varies  from  (5  to  15 
per  cent.    It  also  contains  some  phosphoric  acid. 
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Dried  fish,  Fish  scrap  and  ground  fish  consists  of  the  refuse  from  fish 
oil  works  and  fish  canning  factories.  These  materials  are  placed  on  the 
market  in  a  dried  and  finely  ground  condition.  The  refuse  from  the  oil 
works  is  quite  uniform  in  composition,  containing  7  to  8 per  centnitrogen 
and  about  7  to  8  per  cent  phosphoric  acid.  The  product  from  canning 
factories  consists  of  skins  und  bones  and  etc.,  of  fish  and  is  varial)le  in 
composition. 

(iarhaqr  Ta)iJcage  is  material  obtained  by  drying  city  gai'bage  and  is 
a  low  grade  fertilizing  material  iis  its  composition  und  other  characteris- 
tics varies  greatly  but  always  contains  a  low  percentage  of  plant  food.  It 
is  relatively  richest  in  nitrogen  but  also  contains  phosphoric  acid  and 
potash. 

Hair  and  Wool  ]V<islc  is  obtained  from  slaughter  houses  and  is  more 
or  less- mixed  with  blood  and  other  forms  of  an i null  refuse.  Hair  con- 
tains aliout  15  per  cent  nitrogen  and  wool  about  5  per  cent.  The.se  are 
considered  low  in  value  as  sources  of  nitrogen,  r^s  they  decompose  and" 
become  available  to  plants  very  slowly.  In  recent  years  tliese  materials 
have  been  mixed  with  rock  and  treated  with  acid  with  the  idea  that  this 
process  would  render  the  nitrogen  more  readily  available. 

Hoof  Meal  (Did  Horn  [hist  are  by-products  containing  10  to  15  per 
cent  Nitrogen  and  about  2  jter  cent  phosphoric  acid.  In  their  natural 
state  they  decompt)se  slowly  hence  are  not  valuable  sources  of  nitrogen, 
recently  however  they  have  been  treated  with  acid  in  the  process  of  dis- 
solving phosphates  in  order  to  make  the  nitrogen  available. 

Lealhcr  Scraps  and  Leaihcr  Meal  are  the  waste  products  of  various 
fa(;tories.  This  material  is  dried  or  roasted  and  then  it  can  be  finely 
ground.  The  meal  has  much  the  appearance  of  dried  blood  and  is  used 
to  some  extent  for  adulterating  this  material.  It  decomposes  slowly  and" 
hence  is  not  considered  valuable  as  a  source  of  nitrogen  which  has  led 
to  its  being  treated  with  acid  in  the  process  of  making  dissolved  phos- 
phates, the  same  as  are  hair,  wool  waste  and  etc. 

Lobster  iV/f?//*' accumulate  in  considerable  quantities  at  lobster  canning 
factories  and  they  are  now  being  used  as  a  source  of  nitrogen  in  fertiliz- 
ers. The  finely  ground  shells  are  used  considerably  to  adulterate  finely 
ground  bone.    They  contain  about  4i  per  cent  of  nitrogen. 

Meat  Scrap  is  quite  rich  in  nitrogen.  It  is  gradually  dried  and  finely 
ground  and  mixed  with  some  of  the  grades  of  tankage,  unless  it  is  sold  in 
various  forms  as  chicken  food. 

Guanos. — Nitrogenous  guanos  are  found  in  warm  dry  regions  and  at 
«Qe  time  formed  one  of  the  principal  fertilizers  on  the  market.  For  a  time 
they  almost  disappeared  but  now  new  deposits  have  been  developed  and 
(;onsiderahle  is  found  in  the  mai'kets.  In  this  form  nitrogen -bearing  ma- 
nures first  appeared  in  the  commerce  of  this  country.  Maryland 
tras  the  pioneer  State  in  the  use  of  guanos.  They  were  im- 
ported at  Baltimore,  and  applied  to  crops  by  farmers  in  this  State 
in  1832,  and  the  years  immediately  following.  This  was  sometime 
before  crashed  Inmes  were  used   as   fertilizers   to  an  equal  extent, 
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and  several  yeiirs  before  guanos  had  any  recognized  placa  in  the 
commerce  or  agriculture  of  England.  Guano,  in  the  original  lan- 
guage of  Peru,  signifies  dung,  and  was  spelled  hv/ino  by  the  Span- 
iards. It  was  used  and  gave  fertility  to  the  sandy  coasts  of  Peru 
for  ages,  before  it  was  known  elsewhere.  An  old  Peruvian  proverb  says: 
■'Haano,  though  no  Saint,  works  many  miracles."  During  the  govern- 
ment  of  the  native  lucas,  severe  penal  laws  protected  the  .sea-fowl  which 
deposited  this  manure  on  the  granite  islands  off  the  coast  of  Peru.  There 
the  Baron  von  Humboldt  first  observed  the  deposits  of  guaiKj  and  their 
uses  in  1804,  and  suliseijueutly  made  it  known  to  Europeans.  Fur  many 
years  after  Peruvian  guano  was  a  commun  article  of  commerce;  the  best 
quality  was  brought  from  the  Chiucha  islands,  three  in  number,  each 
tive  or  six  miles  in  circumference,  and  about  half  a  mile  apart.  There 
the  deposits  lay  from  80  to  200  feet  in  thickness,  varying  in  color  from  a 
light  to  a  dark  shade  of  brown.  The  guano  Avhich  came  from  these  and 
other  islands  of  the  Pacific,  had  been  comparatively  free  from  losses  by 
rain  and  leaching,  and  were  rich  in  nitrogen,  phosphoric  acid  and  potash, 
forming  a  "complete"  commercial  fertilizer.  Bat  great  as  w  ere  these  de- 
posits the  supply  of  nitrogenous  guanos  has  been  practically  exhausted 
for  some  time.  Guanos  valuable  for  the  nitrogen  they  contain  ai'e  now 
rather  exceptional  in  the  markets.  The  materials  bearing  this  name,  al- 
thoijgh  having  the  same  general  origin,  come  mostly  from  localities  hav- 
ing very  different  climatt^s,  and  have  lost  the  nitrogen  and  potash  original- 
ly contained,  or  most  of  it.  They  are  therefore  more  properly  called  phos- 
phatic  guanos,  and  should  be  considered  under  that  head. 

Tankage  is  slaughter  house  refuse  made  up  of  miscellaneous  nniter- 
ials,  such  as  the  stomach  and  entrails  and  their  contents,  bones,  tendos, 
hair,  hides,  hoofs,  and  etc.  Two  kinds  of  tankage  are  found  on  the 
market.  One  kind  is  known  as  Concentrated  tankage,  and  is  made  bv 
evaporating  some  of  the  fluids  rich  in  nitrogen  obtained  in  extraction  pro"- 
.cesses.  This  kind  of  tankage  contains  10  to  14  jiti-  cent  niti-oo-en  and 
very  little  phosphoric  acid.  The  second  is  known  as  lione  or  crushed 
tankage  ,  and  consists  of  varying  quantities  of  different  parts  of  animals 
and  slaughter  house  refuse  which  is  otherwise  unsalable.  This  tankaoe 
varies  greatly  in  composition  ranging  in  nitrogen  from  4  to  10  per  cent 
and  in  phosphoric  acid  3  to  i2  per  cent.  Immense  quantities  of  tankage 
are  used  in  the  manufacture  of  conmiercial  fertilizers. 

VEGETABLE  SOURCES   OF  NITROGEN. 

Nitrogen  may  be  supplied  by  many  forms  of  vegettible  nuitter,  but  a>i 
most  of  the  substances  have  more  value  for  other  purposes,  there  are  onlv 
a  few  that  have  much  direct  importance  in  the  fertilizer  trade,  chief  of 
which  are  Cotton  seed  meal,  Castor- Pomace  and  tobacco  stems. 

Cotton  seed  7neal  is  not  appreciated  in  most  parts  of  the  countrv  as  it 
should  be.  Its  manurial  value  is  very  great.  It  may  be  called  a  "com- 
plete" fertilizer,  because  it  contains  all  the  important  elements  of  plant 
food,  and  all  are  in  forms  to  be  readily  used  by  plnuts.  The  whole  seed 
u«  ordinarily  separated  from  the  lint  or  liber,  may  be  regiirded  as  contain- 
ing on  an  average,  pt-r  ton,  one  thousand  pounds  of  hully,  and  one  thou- 
-•aml  pouod*  of  keruftlu.     Prom    the  kernels,    about  three  hundred. 
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poiindt:  of  oil  may  l)o-  ol)tained,  leaving  seven  hundred  jiounds  of  meal. 
The  whole  seed,  hulls  and  meal,  have  the  following  average  chemical 
composition,  in  part ; 

TABLE  II. 

Average  Composition  of  Nilroyenons  Fertilizers. 


Cotton  Sted  A  iif-h  sit- 
in  MissifBipvi 

NitroKv'n 

Per     ILbK.  ^ei 
Cent    !  Ion 

Phosphoric  Aci<1 

Pt-r     j  Lb?,  per 
Cent   1  Ton 

Pot 

Per 
Ctnt 

ash 

Lb-',  per 
Ton 

Whdle  feed  

Hulls   

2  8  56 
0.7     ;  U 
7.0     !  140 

1.4 

0.7 

3  0 

SB 
14 
(ill 

1.14 

0  m 

'.>.(I0 

22.8 
17.6 
40.ti 

As  yet  the  whole  cotton  seed,  can  he  found  in  the  cotton  producing 
stales,  and  the  hulls  where  cotton-oil  mills  are  located.  But  the  meal, 
picsscd,  dried  and  ground  after  the  oil  is  removed,  is  a  common  article  of 
tradr.  li  is  valued  highly  l>y  tli(/-c  vi  lm  are  aciiuaiiited  with  it,  as  a  food 
fur  livc-lnck,  especially  cattle.  It  is  largely  "sed  in  the  South  for  fertil- 
izing purposes,  and  forms  a  part  of  most  of  ihe  complete  commercial  fer- 
tilizeis  found  in  the  Southern  trade. 

Cdstiiv- Piiiiinip  is  a  bye-product  of  the  factories  making  oil  from  the 
castor  lieun,  and  so  much  li ke  corton-seed  meal  that  no  further  description 
is  necessary.  If  is  usually  nol  quite  as  rich  in  plant  food.  The  market 
supply  is  comparatively  limited. 

Tohacco  ^Iriii  till  si  ur  (jrdinxl  'rolKtcro  Stems.  This  is  another  refuse 
material  of  vi'm-iaMc  (u  igin,  which  enters  quite  largely  into  compound 
fertilizers  and  i-  hanillcd  in  cdnsideralile  (|uantity  in  the  Baltimore  mark- 
et. It  cniitains  fi'om  2  to  2]  per  cent,  of  nitrogen  and  from  6  to  7  per 
cent,  potash,  and  should  have  a  place  in  the  list  of  potassic  fertilizers. 

The  following  table  gives  a  summary  of  the  approximate  quantities 
of  nitrogen  contained  in  various  fertilizing  materials: 
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TABLE  III. 


Materials  Containing 

Nitrogen 

Phosphoric  acid 

Potash 

Nitrogen 

Per 

Pounde 

Per 

Pounds 

Per 

Pounds 

Cent 

per  ton 

Cent 

per  ton 

Cent 

per  ton 

(1)  MINERAL  MATERIALS 

900 

13.5 

270 

45.0 

15.5 

310 

Sulphate  of  ammonia...'  

20.0 

400 

(2)  ANIMAL  MATERIALS 

Azotine  or  ammonite  

11.0 

220 

3  4 

68 

4  5 

90 

22.5 

450 

12.0 

240 

1  9 

38 

7.5 

150 

8.0 

160 

0  5 

10 

Hair   

15  0 

SCO 

12  5 

250 

2.3 

46 

Leathi-r  refuse   

7.5 

150 

4.5 

90 

3  5 

70 

11.5 

230 

2  0 

40 

Nitrogenous  guanos  

7.5 

l.'iO 

Tankage  (concenti'ated)  

11.5 

230 

Tankage  (hone  or  crushed).. 

7  0 

140 

80 

160 

l.'S 

30 

5  5 

110 

(3)  VEGETABLE  MA- 

TERIALS 

6.5 

130 

3.0 

60 

20 

40 

Castor  bean  pomace  

5.5 

110 

2  0 

40 

1.0 

20 

Tobacco  stems  

2  0 

40 

06 

12 

6  0 

120 

Mixed  stable  manure  

0.5 

10 

02 

4 

06 

12 

THE  USE  OF  THE  FREE  NITROGEN  OF  THE  ATMOSPHERE  BY  PLANTS- 

As  ha.s  already  lieen  stated,  abmit  four-fifths  of  the  atmosphere  is 
composed  of  nitrogen  and  while  i t  is  not  within  the  province  of  this 
bnlletiu  to  give  a  full  discussion  of  this  subject  yet  it  is  a  matter  of  so 
much  agricultural  importance  that  a  few  words  as  to  the  present  state  of 
our  knowledge  of  the  suiiject  are  neces.sary.  It  has  been  proved  beyond  a 
doubt  tliat  the  family  of  plants  known  as  legumes,  which  comprises  the 
clover,  ])ciis,  licaiis,  etc.,  have  the  power  to  nse  the  free  nitrogen  of  the 
atmc-  plici-c  thiMugb  the  agency  of  organisms  or  bacteria  -which  grow  oa 
theif  iiui!  liiiil  inddiice  what  is  ciiiniiinii  ly  known  as  nodules  or  tubercules- 
Frniii  ihi'  cai-lii  :|  tinit'  of  wliicb  liii\c  any  record  in  agricnltural  writ- 
ing tlici-c  .'Special  value  attached  lo  this  family  of  plants  as  soil  ini- 
proNc!-  and  I  lie  nodules  on  their  roots  had  been  noticed  for  many  years 
before  I  heir  iriie  nature  was  discovered.  At  first  these  nodules  were  sup- 
posed to  be  evidence  of  a  diseased  condition  of  the  plant  and  it  was  not 
until  aliout  lifteen  years  ago  that  it  was  shown  conclusively  that  they 
could  convert  the  free  nitrogen  of  the  atiuosphere  into  a  form  which  could 
be  u.sed  by  higher  orders  of  plants. 

Experiments  so  far  seem  to  show  tliat  the  use  v.hich  legumes  can* 
make  of  iht-  fiee  atmospheric  nitrogen  is  in  proportion  to  t  hf  development 
of  the  tuberciiles,  also  that  the  relative  amount  of  nitrogen  derived  from 
the  atmosphere  is  greater  on  a  poor  than  a  rich  ^■ioil  oi-  in  other  words 
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utilization  of  atmoi^pheric  nitrogen  by  legumes  is  in  proportion  to  the 
poverty  of  the  soil. 

It  is  also  claimed  by  some  investigators  that  root  tubercules  exert  no- 
infiueuce  in  nitrogen  assimilation  when  there  is  an  abundance  of  available 
nitrogen  in  the  soil. 

It  has  been  shown  cunclusively  that  all  soils  do  not  seem  to  be  inocu- 
hited  with  the  proper  bacteria  for  producing  the  tubercules  on  the  roots  of 
legumes  but  the  successive  glowing  of  the  same  legume  on  the  same  land 
will  usually  l)i  ing  alxml  a  condition  where  they  will  be  found  in 
abundance  arid  be  accompanici  by  a  decided  increase  in  the  yield  of  that 
crop. 

ARE  THERE  DIFFERENT  KINDS  OF  ROOT  TUBERCLE  ORGANiyMS. 

This  is  a  question  which  has  been  much  dis(;ussed,  and  have  forirred 
the  subject  of  many  investigations,  but  the  results,  so  far,  have  not  given 
a  positive  answer.  Some  authorities  hold  that  tht-rc  are  separate  races  or 
kinds  for  each  species  or  group  of  nearly  allied  species  of  plant>;.  Other' 
authorities  claim  that  it  is  not  a  different  bacteria  but  that  the  bacteria 
changes  in  form  and  virulence  owing  to  the  host  or  media  in  which  it 
grows. 

Be  this  question  as  it  may  the  fact  confronts  the  practical  farmer 
that  the  same  soil  will  not  grow  tubercules  with  equal  facility  on  all  the 
legumes,  and  that  it  is  necessaj-y'  to  have  some  sort  of  inoculation  before 
satisfactory  crops  of  some  things  can  be  grown.  This  is  practically  true 
of  alfalfa  and  vetch  in  many  parts  of  Maryland,  and  of  cow  peas  in  a  few' 
sections. 

ARTIFICIAL  INOCULATION, 

The  most  successful  attempts  at  artificial  inoculation  have  been  by  the 
use  of  soil  which  is  known  to  contain  the  proper  organisms.  The"  use  of 
the  soil  has  generally  proved  satisfactory,  yet  it  has  been  disappointing 
in  some  cases.  This  has  probably  been  due  to  the  want  of  proper  care  of 
the  soil  and  permitting  it  to  dry  out  too  much  in  ti'ansit,  but  no  doubt 
in  some  cases  the  land  which  was  being  inoculated  did  not  afford  the- 
proper  eondil ions  (jr  media  for  the  development  of  the  organisms.  It 
requii'es  at  least  500  pounds  of  soil  to  properly  iiioculati-  one  acre.  It  is 
not  always  easv  to  obtain  the  amount  of  soil  desin-d,  and  the  ti'ansporta- 
tion  it  expensive.  These  fac'ts  seems  to  limit  the  use  of  goi  I.  Then  too 
there  are  dangers  of  transmitting  plant  diseases  which  should  be  guarded 
against. 

There  hav.)  been  a  numlier  of  eft'orts  made  to  prepare  the  bacteria  iu 
a  form  whicih  could  be  easily  handled  and  sent  from  place  to  place  like 
veast  for  bread;  but  none  of  these  have  proven  entirely  practical  and  satis- 
factorv  up  to  this  time.  The  past  year  the  United  States  Department 
of  Agriculture  have  conducted  numerous  experiments  upon  this  question, 
and  the  results  so  far  seem  to  point  to  a  satisfactory  solution. 
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j:xp]:j<imi:.\ts  conducted  with  nitrogenous 

FERTILIZERS. 

Description,  of  I'eds  and  Land. 

Till'  pri iici|ial  ol)ji'ut  iti  niukiog  these  suidies  of  nitrogenous  fertiliz- 
eivs,  wao  tn  ti'v  and  enhf  Minic  of  the  general  principles  surrounding  their 
use  and  to  make  a  test  of  the  various  sources  of  Nitrogen  conimonly  met 
in  the  trade. 

These  experiments  "were  started  in  1897,  and  up  to  this  time  six  crops 
have  been  removed.  The  laud  nsed  for  these  tests  is  located  north  of  the 
Experiment  Station  Buildings,  and  in  the  same  lield  with  the  Phosphoric 
Acid  and  Potash  series  of  plots.  The  land  is  a  medium  stiff  clay  loam. 
(|uite  uniform  in  (juality,  fairly  level  and  yet  has  a  pretty  good  drainage. 

The  previous  cropping  of  this  land,  so  far  as  known,  was  as  follows: 
In  1888  there  -was  a  poor  stand  of  grass  and  weeds.  This  was  plowed  down 
and  seeded  to  wheat  in  the  fall.  Timothy  and  clover  were  seeded  in  the 
wheat.  The  wheat  harvested  in  1889  gave  about  eight  and  one-half  bush- 
els per  acre.  The  land  was  in  grass  in  1890-91  and  in  1892  in  corn.  In 
the  spring  of  1893,  the  corn  stubble  was  harrowed  and  seeded  to  Crimson 
Clover.  This  was  turned  under  and  seeded  to  wheat  in  the  fall.  AVheat 
cut  in  1894,  timothy  and  clover  were  seeded  in  the  wheat.  In  1895  and 
1896  the  grass  in  this  field  was  cut  for  hay.  The  sod  was  plowed  in 
November,  1896,  and  the  Nitrogen  plots  laid  out  the  following  spring. 

The  following  is  the  program  of  the  experiments  conducted: 
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TABLE  4. 

Pro(/7'a)i>  'f   Xitrogoi  Exjjerimcnfs. 

(Plots  out'  tenth  of  an  acr^"  each.  ) 

Tlie  r(uality  of  material  applied  was  such  as  to  give  each  plot  at  the 
rate  of  thirty-two  (32)  pounds  of  nitrogen  (N)  per  acre. 

Plot  No.  Kinds  of  Fertilizer. 

].  -Nitrate  of  soda,  (applied  at  time  of  planting  crop. ) 

■^.--Nitrate  of  soda,  and  Lime,*  (applied  at  time  of  planting  crop). 

3.  -  Nitrate  of  soda  (applied  at  time  of  most  active  growth. ) 

4.  — Nitrate  of  soda  (one-half  applied  at  time  of  planting  crop,  one-half 

applied  at  time  of  most  active  growth  .  ) 

0.  — No  Nitrogen. 

fi. — Nitrate  of  soda  and  Sulphate  of  potash. 
7.     Niti'ate  of  ])otash. 

5.  — iSulphate  of  ammonia. 

9.  — Sulphate  of  ammonia  and  lime.* 

10.  Nothing, 
n.  Xothing. 

12.  Dried  blood. 

13.  Raw  leather  waste. 

14.  — Dissolved  leather  waste. 
1.5.  Nothing. 

l(j.  Nothing. 

17.  --  Kaw  hair  w  aste. 

18.  --  Dissolved  hair  waste. 

19.  Bone  tankage. 

20.  --Di'ied  fish. 

21.  Nothing. 

22.  (^'ottonsced  meal. 

23.  Stable  manure. 

24.  -  Nothing. 
2.1.  -Lime.* 

Nothing. 
2'.  Lime. 
28.  Nothing. 

The  experiments  outlined  in  the  schedule  in  table  4  can  be  classi- 
tied  under  the  following  heads: 

1.  — ComparisoM  of  different  times  of  ap})lying  Nitrate  of  Soda. 

2.  -Comparison  of  Nitrate  of  Soda  and  Sulphate  of  Ammonia. 

3.  Effects  of  the  use  of  lime  with  mineral  sources  of  Nitrogen. 

-1.     Comparison  of  Nitrate  of  Soda  and  Potash  with  Nitrate  of  Potash. 
.").     Comparison  of  different  organic  soui'ces  of  Nitrogen. 
(;.— 'lasting  the  effect   of  treating  hair  and  leather  waste  with  acid  upon 
the  availability  of  their  nitrogen. 


*Linie  applied  at  the  rat?  cf  twenty  bushels  (1600  pounds)  per  acre. 
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TREATMENT  GIVEN  PLOTS. 

All  the  fertilizers  were  applied  broadcast,  after  the  ground  had  been 
plowed  and  harrowed  once,  and  then  it  was  harrowed  in  immediately  so 
as  to  get  it  thoroughly  and  uniformly  incorporated  with  the  soil,  before 
planting  the  crop.  There  was  no  fertilizer  applied  directly  to  the  hay 
crops.  The  effects  (ni  this  crop  were  those  of  the  residue  from  the  wheat 
crop.  Crimson  clover  was  seeded  in  the  corn  crop  of  1897  and  this  was 
plowed  doAvn  in  1S9S  and  the  land  followed  for  wheat.  The  general  sys- 
tem of  cultivation  and  cropping  was  uniform  throughout. 

The  plots  received  an  application  of  two-hundred  (200)  pounds  per  acre 
of  undissolved  Florida  Phosphate  rock  at  the  time  of  seeding  the  wheat 
crop  of  1902.  There  has  been  no  potash  applied  up  to  this  time. 

RESULTS  OF  EXPERIMENTS. 

The  seasons,  aside  from  that  of  1897,  covered  by  these  experiments, 
were  generally  unfavorable  to  the  crops  grown.  Hence,  the  results  ob- 
tained are  somewhat  disappointing  in  that  they  have  not  givea'as  marked 
returns  as  were  expected.  The  yields  fr<nn  the  Phosphoric  Acid  series  of 
plots,  and  those  of  the  first  crops  of  this  series,  were  such  as  to  indicate 
that  Nitrogenous  Fertilizers  won  Id  have  more  marked  effects,  and  enable 
some  inore  definite  conclusions  to  he  drawn. 

It  may  he  that  the  heavy  applications  of  nitrogen  caused  an  unhal- 
uncing  of  the  plant  food  rations,  and  thus,  gave  results  that  mightpje, 
in  many  cases,  misleading,  but  the  character  of  the  growth  has  not  indi- 
cated that  there  was  too  much  present.  This  point  Avill  be'studied  care- 
fully in  connection  with  the  future  conduct  of  these  experiments.  The 
Results  which  are  reported  in  the  following  give  a  summary  of  six  years 
work  and,  ordinarily,  would  be  expected  to  give  facts  which  would  be 
more  or  less  conclusive,  yet  they  are  so  erratic  in  some  cases,  that  they 
•would  seem  to  need  further  verification  before  setting  them  down  as  rep'- 
resenting  all  the  facts.  However,  the  results  are  reported  here  in  full  so 
as  to  make  them  a  matter  of  record,  and  to  serve  anyone  who  may  })e  in- 
terested in  similar  lines  of  \\ork. 

THE  EFFECTS  OF  APPLYING   NITRATE   OF   SODA   AT  DIFFERENT 
STAGES  OF  PLANT  GROWTH. 

There  is  a  good  deal  of  (luestion  in  the  minds  of  those  using  fertiliz- 
ing materials  which  are  very  soluble,  and  which  do  not  readily  form  in- 
soluble ci)ml)inations  in  the  soils  as  to  the  best  way  and  time  to  apply 
them.  It  is  not  unfreciuent  that  advice  is  given  to  apply  such  materials 
at  different  periods  in  the  plants'  growth,  rather  than  all  at  once,  when 
there  would  be  danger  of  loss,  or  at  least  leaching  into  the  sub-soil  bevond 
fhe  reach  of  the  crop. 

There  is  no  doul)t  liut  that  the  results  attending  the  various  prac- 
tices Avill  be  largely  determined  hy  the  character  of  the  soil,  the  season 
and  the  crop.  So  that  what  would  be  a  good  practice  in  one  case  may  not 
obtain  or  he  applicable,  to  another  or  to  all  cases  e(iually.  The  results  of 
jthese  tests  are  reported  in  detail  in  table  V,  page  42. 
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Showing  the  Reeults  of  Applying  Nitrate  of  Soda  at  Different  Stages  of  the 
Plants  Growth. 

(Yields  per  acre.) 


Kind  of  Fertilizer 
and  Method 
of  Application 


Yield  of  2  crops 


Grain 


NITRATE  OF  SODA 

Applied  just  before 
planting  

Supplemented  with 
lime  applied  before 
planting  

Applied  at  period  ot 
most  active  growth 

i  before  planting  i  at 
time  of  most  active 
growth  


Appl  ed  just  before 
planting  

Supplemented  with 
lime  applied  before 
planting  

Applied  at  period  of 
most  active  growth 

k  before  planting  i  at 
time  of  most  active 
growth  


72.8  ]5100 
62.8  j439.i 

i 

71.7  i5020 
Wheat,  1899. 
1452 

1038 


45.0 
49.0 


3020 

2250 
2600 


6100 


5270 


7140 


17.3 
14.8 

S3.0 


Wheat,  1902 
5.7 


2100 
1645  2503 

317014550 


5.2 
6.5 


11.3  670 


680 


310  700 


7815 
9240 

1792 

1348 
1248 


13500 


5380J  13195 
15220 


1955 


1350 


lApplied  just  before 

planting   

jSupplemented  with 
;    lime  applied  before 

planting  

j  Af'pli<=dat  period  of 
I    ii.ossi,  active  growth! 
li  befiire  planting  i  ati 
time  oi  tiiosc aciivel 
trowr.h   j 


4300 


1900 


Hay,  1903 


4000 


i50 


Total  2  crops  hay. 


S500 

700O 


2050  3850  5900 


Total  yield  six 
crops 


25068 
21898 

28130 


As  previously  ineiitioiied  llie  toil  ou  which  these  tests  were  conducted 
was  :i  clay  loam,  rathei'  stiff  in  character,  under-laid  with  a  very  stiff  clay; 
so  that  it  was  rather  retentive  of  water  and  not  much  subject  to  leaching 
or  loss  of  phnit  food.  This  himv  account  for  less  marked  results  from  ap- 
phcitlioiis  received  i.fo  r  ilic  (  ruji  .-ij.rled  to  grow,  than  would  be  obtained 
on  lighter  or  uuae  ]  ervit  us  soi Is.  ^  ever-t he-less,  most  of  the  soils,  which 
arc  used  for  the  staj)le  crops,  such  as  were  grown  in  these  tests,  are  near- 
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Ij  of  the  same  general  character  as  the  soils  of  these  plots.  Consequently^ 
these  results  may  be  held  as  representing  the  average  conditioits  with  the 
crops  referred  to. 

The  results  favor  the  use  of  part  of  the  Nitrate  applied  ])efore  plant- 
ing the  crop  and  part  at  the  period  of  most  active  growth.  It  was  most 
marked  with  the  corn  crop.  This  would  naturally  be  expected  as  corn 
is  a  vigorous  grower,  and  quite  susceptible  to  special  influences.  It  is 
dou])tfiil  if  the  increase  would  always  justify  the  additional  expense  in- 
volved in  making  two  applications,  though  no  doubt,  some  seasons  it 
would  give  ample  returns. 

These  results  certainly  favor  the  use  of  Nitrate  before  planting,  rath- 
er than  after  the  crop  is  partially  groMii.  It  would  seem  that  it  is  very 
important  to  give  plenty  of  available  food  in  the  early  stages  of  growth, 
so  as  to  produce  a  good  vigorous  plant  at  the  start,  and  then  it  will  be 
in  better  shape  to  take  care  of  itself  in  later  life.  The  results  of  the  hay 
crops  do  not  figure  largely  in  the  question  under  discussion  as  the  elTects 
obtained  were  of  an  indirect  character;  as  no  fertilizer  was  applied  to  these 
crops  after  the  wheat  was  removed,  and  it  was  only  the  residue  remaining 
and  the  effects  on  the  vigor  of  the  young  grass  plants  which  would  in- 
thience  the  yields.  Never-the-less,  it  was  thought  of  interest  to  include 
these  results  in  this  connection. 

EFFECTS   OF   SPRING   APPLICATIONS   OF  NITRATE   OF   SODA  ON 
WHEAT. 

In  1894  there  were  some  tests  made  of  top-dressing  wheat  in  the 
spring,  Avith  Nitrate  of  fSoda,  and  as  the  results  are  of  interest  in  this 
connection,  they  are  repeated  here. 

"With  the  object  of  testing  the  use  of  Nitrate  of  Soda  applied  in  the 
•pring  as  a  top-dressing  for  wheat;  two  applications  of  it  were  made.  The 
first  was  on  a  section  of  a  half  acre,  which  had  received  stable  manure  in 
its  previous  treatment,  and  had  also  beeii  given  a  heavy  dressing  of  a  com- 
plete fertilizer  wIkmi  tlir  wheat  was  .sown  and  a  light  top-dressing  of  stable 
manure  in  nii(l-\untci-.  hcsides  fifteen  l)ushels  of  stone  lime  per  acre.  The 
piece  of  land  was  divided  into  two  equal  jilots,  and  (u  one  of  them  Ni- 
trate of  Soda,  at  the  rate  of  150  pounds  j)er  acre,  was  sown  the  14th  ,of 
April,  the  other  plot  receiving  none.  As  may  be  seen  from  the  followinL: 
table,  the  plot  which  received  the  Nitiate  nuide  less  wheat  by  two  busheU 
and  thirty-eight  pounds  than  that  wliicb  leceived  none.  This  result  was 
unexpected  and  it  is  diflficult  to  account  for  it,  as  the  wheat  was  apparent- 
ly heavier  on  the  plot  which  received  the  Nitrate. 


TABLE  ft. 


Kitrate  of  Soda  t.«.  no  Soda  ai'dlied  on  Wheat. 


Wheat  hoaTily  fertilized  in  tlie  FaH.. 


Plot  No. 

1.  Fertilizer,  no  Soda. .  . 
3.    Fertilizer,  with  S«da 


Yield  of  grain,  per  acre,  bushels. 

  25.0 

  23.2 
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The  second  test  with  Nitrate  of  Soda  was  made  OJi  a  plot  which  had 
received  no  manure  in  its  previous  treatment  nor  was  any  fertilizer  ap- 
plied when  the  wheat  was  sown,  but  as  in  the  first  test,  the  w  heat  was 
treated  to  a  light  top-dressing  of  manure  and  stone  lime  in  mid-winter. 
In  this  test  as  will  be  seen  from  table  No.  7,  the  result  was  very  strik- 
ing, the  grain  being  7.8  1)ushels  per  acre,  equal  to  75  per  cent.  This 
experiment  substantiates  the  theory  held  as  to  the  use  of  Nitrate  of  Soda 
as  a  top-dressing  for  wheat,  i.  e. ,  that  it  pays  well  as  a  rule  on  wheat, 
which,  for  any  cause  (either  poor  land  or  from  late  seeding, )  is  backward 
in  the  spring,  giving  it  an  impetus  which  no  other  application  would  se- 
cure, but  that  its  use  is  of  doiibtful  benefit  on  land  w  bicli  is  well  supplied 
with  plant  food. 

TABLE  7. 

Nitrate  of  Soda  \s.  no  Soda  apulied  on  Wheat: 
Wheat  unfertilized  in  Fall. 

Plot  No.  Yield  of  grain  })er  acre  .  Bushels. 

1.  Neither  fertilizer  nor  soda   10.4 

2.  Soda,  with  no  fertilizer   18.1 

COMPARISON  OF  NITRATE  OF  SODA  AND  SULPHATE  OF  AMMONIA 
BOTH  WITH  AND  WITHOUT  LIME. 

As  has  already  been  explained,  the  Nitrate  of  Soda  and  Sulpliate  of 
Ammonia  represent  the  mineral  sources  of  nitrogen  commonly  found  on 
the  market.  The  Nitrate  of  Soda  is  readily  solu])le  in  water  and  is  direct- 
ly available  to  plants;  \\  iiilf  the  Sulphate  of  Ammonia,  though  quite  sol- 
uble, has  to  be  changed  intn  a  Nitrate  before  it  can  be  used  by  crops. 
Hence  the  action  of  the,^e  two  niaterijils  is  not  the  same  on  different  soils 
and  under  varying  weather  conditions.  The  Sulphate  has  been  preferred 
by  some  because  it  would  act  slower  and  was  not  so  liable  to  leiudi  from 
the  soil;  yet  if  conditions  for  nitrification  were  unfavoralde,  it  might  not 
be  available  to  the  crop  when  needed.  Again,  under  some  circumstances 
Sulphate  of  Ammonia  has  been  found  to  be  actually  harmful  to  plants. 
The  use  of  Lime  in  connection  with  tlie  Sulphate  of  Ammonia  has  been 
found  by  11.  .1.  Wheeler*  to  he  \alualile,  in  many  caMS.  as  a  correction 
of  its  harmfu!  eifects  and  to  be  necessary  for  its  n itritication.  Prof. 
Wheeler*  has  made  a,  verv  e\ haustive  study  of  the  use  of  Lime  with  these 
mineral  sources  of  niti-ogen,  and  while  there  were  soine  vai'iations  in  the 
behavior  of  different  ci'ops,  yet  they  agree,  in  the  main,  with  the  results 
obtained  at  this  Station. 
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TABLE  VIII. 

Comparison  of  Nitrate  of  Soda  and  Sulpha'e  of  Ammonia  Both  With  and 
Without  Limt'. 

(Yields  per  acre.) 


With  2)  bushels  lime  per 
acre 


2  Nitfaieof  Soda  

9   Sulohat*^  of  Ammrinia. 


Hay 
lODO 
4800 
1900 


5100 
4150 


Hav 
1903 
4000 
1900 


2830 
2250 


.0  8130|23o0  540018250  5270  13500 
L7  313012600  5730l7300  5280  12580' 


5.7;  340  261)1  60011792  4060  5852 
'6\  980  1070  2050  1718  2f;80  4398 


5.2  310 
11.3  tSO 


I90i  50011348  2300 
870  1550!  795  2475 


Total  2  crops  Hay  Total  yield  six 


23008 
22850 


Tlie  details  of  the  results  of  these  two  mineral  nitrogenous  plant 
foods,  both  with  and  without  lime,  is  given  in  table  8,  page  45.  From 
numerous  results,  both  in  this  (ountry  and  in  Europe,  it  \vould  seem  that 
Nitrate  of  Soda  was  mncli  l:etter  a  source  of  Nitiogen  than  Sulphate 
of  Ammonia,  and  the  latter  slioiild  only  be  used  on  soils,  either  already 
rich  in  Lime,  or  to  which  Lime  had  been  applied,  aiid  even  then  it  is 
necessary  to  have  the  conditions  favorable  for  nitrification.  The  nitrogen 
in  the  Ammonia  Salt  generally  costs  more  llian  that  in  Nitrate  of  Soda. 
Consequently,  all  things  concerned,  it  has  no  advantages  for  most  crops. 


(♦Annual  report,  Rhode  Island  Agricultural  Experiment  Station  for  1895. ) 
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0OMPARISON   OF  NITRATE  OF  POTASH  AND  NITRATE  OF  SODA, 
SUPPLEMENTED  WITH  POTASH. 

A  number  of  times,  during  the  past  few  years,  there  have  been  re- 
ports of  discoveries  of  ]arge  deposits  of  Nitrate  of  Potash,  and  statements 
to  the  eifect  that  this  would  become  not  only  an  important,  but  cheap 
source  of  both  nitrogen  and  potash.  However,  up  to  the  present  time, 
these  reports  have  not  been  realized,  and  unless  this  material  possesses 
some  special  virtue  whicli  can  not  be  procured  tlirougli  some  other  means, 
it  is  a  relatively  expensive  source  of  nitrogen  jind  potash.  There  has 
been  a  tendenc  y,  during  the  past  years,  to  try  and  ])ur(  hase  concentrat- 
ed plant  foods,  and  get  as  little  of  those  things  whicb  are  useless  as  pos- 
sible, and  from  this  standpoint,  the  Nitrate  of  Potash  is  particularly 
attractive. 

TABLE  IX 

Comparison  cf  Nitrate  of  Potash  with  Nitrate  ol  Soda  and  Sulphate  i.f  Potash. 
(Yields  per  acre  ) 


Yleli.l  .  t  two 
corn  crops. 


Nitrate  of  S' da  and  Sul- 
phate of  Potash  76.2j534t'  3140|8480|60. 

Nitrate  of  Potash    77.4  5421' iS5t' 8770' 55.1 


OSJH.0  3100  «600  8840;6240 
3855  7305!9275'680li 


15080 
16075 


Wheat,   1899.    j    Wheat,  190£ 
Ni  rate  of  Soda  and  Siil  i  1 
phateof Potash         ..    19.5|1170|2380|355Ojl4.5|  8T0|  930jl800 


Niirnie  of  Potash .. 


Nitrate  of  Soda  and  Snl 

i  h^  re  of  Potiish  

Nitrate  of  Potaah  


 5040133101  6850 

17.0|l020|2530|355O'16.2|  970|ll8(  |a]50  1990|37Ui|  5700 


Hay 
1900 
4.»o0 
4400 


Hav  ;Totalot  0  ir  ps.  To(a>  cjf  six 

\m'6  I  :  croiH. 

£200  1250  I  2768U 

?i950  '  7350  ;  V9125 


In  the  experiuients  conducted  here.  Nitrate  of  Soda  and  Sulphate  of 
Potash  well'  couibiiied  so  as  to  furnish  the  aame  amount  of  nitrogen  and 
potish  as  sup]died  by  the  Nitrate  of  Potash.  The  details  of  the  results 
are  givt-n  iti  Table  9,  Page,  4(3  from  which  it  will  be  !^ot•Ii  that  they  fav- 
or the  Nitr;iti:'  of  Potash,  but  not  to  a  great  euoiiiili  extent  to  Avarrant  th« 
difference  in  cost  which  usually  prevails. 
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COMPARISON  OF  VARIOUS   SOURCES  OF  ORGANIC  NITROGEN. 

The  sources  of  organic  nitrogen  are  rather  difficult  to  compare,  as  a 
class,  from  the  fact  that  they  contaiu  varying  amounts  of  other  plant 
foods  which  must  influence  the  results  to  a  greater  or  less  extent.  The 
various  materials  used  in  these  experiments,  are  described  in  detail  in  the 
first  part  of  this  l)ulletiu  together  with  the  chemistry  of  the  action  of  or- 
ganic materials  and  the  process  of  nitrification.  The  results  are  given 
in  detail  in  Table  10,  Tage,  48  In  general  the  results  would  seem  to  in- 
dicate that  the  organic  sources  of  nitrogen  were  not  so  active  as  Nitrate 
of  Soda;  though  there  might  be  a  slight  difference  in  the  natural  fertil- 
ity of  the  land,  in  favor  of  the  Nitrate  of  Soda. 

ORGANIC  FERTILIZERS  CONTAINING  ONLY  NITROGEN. 

Dried  Blood,  Leather  and  Hair. 

An  examination  of  the  yields  of  Plots  No's.  12  to  18,  seems  to  indi- 
cate that  Dried  Blood  is  not  as  potent  a  source  of  Nitrogen  as  it  is  com- 
monly supposed.  In  these  tests  the  blood  seemed  to  exert  a  favorable  in- 
fluence on  the  grain  yields,  Init  did  not  seem  to  have  the  lasting  ((ualitie* 
for  the  hay  crops  to  follow.  The  yields  would  seem  to  indicate  that  of 
these  three,  as  a  source  of  nitrogen,  the  blood  would  stand  first,  leather 
second,  and  hair  last. 
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TABLE  X. 

Comparison  ol  Various  Sources  of  Orgauic  Nitrogen. 
(Yields  per  acre.) 


Corn,  1897.      |  Corn, 
Grain  | 


Yit-ia  01  two 
corn  crops. 


'3  ag;  1% 


Nothing  (ave  plots  10, 11.) 

Dried  Blood  

Raw  leather  waste  

Dissolved  leather  waste. . 
Nothing  (ave  plots  15,  16.) 

Raw  Hair  waste  

Dissolved  hair  waste  

Bone  tankage  

Dried  fish  

Cotton  seed  meal  

Stable  manure   ... 

Nothing   (average  plots 

21,  24,  26,  28.)  

Lime  (ave  plots  25,  27. > 

Nothing  (ave  plots  10, 11.) 

Dried  blood  

Raw  leather  waste  

Dissolved  leather  waste 
Nothing  (ave  plots  15, 16  ) 

Raw  hair  waste  

Dissolved  hair  waste. 

Bone  tankage  

Dried  fish  

Cotton  seed  meal  

Stable  manure  

Nothing    (average  plots 

21,  24,  26,  28.)  

Lime  (ave  plots  25,  27  ) 


Nothing  (ave  plots  10, 11. 

Dried  blood  

Raw  leather  waete  

Dissolved  leather  waste... 
Nothing  (aveplotslS,  16.) 

Raw  hair  waste   

Dissolved  hair  waste.  

Bone  tnnkage  

Dried  fish  

Cotton  sped  men  I   

Stab!*'  ii.Hi  urf   

Nothing   (av.-rage  pl.'th 

21.  24.  26,  28  )  

Lime  (averaeeDlo»'»2t'i  27) 


55.3 
60.1 
55.7 
0 

61.3 
61.4 
58.4 
56  8 

56^2 
51.4 


2870 
4210 
3900 
4200 
4290 
4295 
4090 
3980 
4840 
3930 
3600 


2610 
2690 
2580 
2640 
2585 
2780 
2670 


6480  39. 
690042. 
6480  36 . 
6840  46. 
6875  37 . 
7075  37. 
676036. 
6640  40. 
8200  47. 
6810  37, 
6080  40, 


3  2750  2635  5885 
7  2990  2650  5640 


412550 
0 

3  2610 
1 

2555 
2800 


2600 
2810 


272015270 
2650  5870 


2705 
2650 
2950 
2700 
3370 
2650 
2750 


5315 
5250 
55C5 
5500 
6690 
5250 
5560 


6620  5245: 
7200  5340: 
6460  5300 
7420  5^90 
6900  5290i 


6895 
6645 
6780 
8160 
6530 
6410 


51 .9  3635  2785  6420  39  6  2772  3142  5914 
49.0  3430  2645  6075  36 !0  2520^2900  5420 

Wheat,   1899.        Wheat,  1902. 

9.4,  565,1283,1848  8.6,  515i  48i|1000 

10.8  65011155  1805  9.2*  550i  5501100 

8.9!  535  18652400  6.0,  360!  1901  550 

10.8  6501900  2550  7.8'  470  630  1100 

6.0  £601415,1775  4.4  264  210i  474 
7.4;  445  16552100  2.0  120    HOi  200 

7.5  450  1550:2000  5.0  300  250!  550 

18.2  1090  2610  8700  7.2  430  22o!  650 

24.3  1460  3640  4100  12.0  7201  830,1550 
14. 2|  8,iO:i900:2750;  6.8  410^  S90!  800 
17.5  1050  i7u0  3750  4.3  260!  140j  400 


5430 
5670 
5360 
6730 
5530 


6407  5927  12334 
5950  5545  11495 
Total  2  wheat 


11865 
12540 
11750 
12710 
12T90 
12335 
12265 
12140 
14890 
12060 
11640 


2848 
29U5 
2950 


lf80|1768: 
120017051 
895  20551 

11202530!  3650 

624  1625  2249 

565  1735  2300 

750  2.300  3050 

1520  2830  4350 

2180^470  5650 

1260;2290  3550 

1310:2840  4150 


-pounds  per  acre 


13.6  815  1848  2663  8.3  498  338;  83613132186  3499 

13.4! '8(15  2148  2953  3.5,  2l0i  115  335ll015:2263  3278 
H: 

1900  j  1903 

2475  1300 

3400  '  1700 

4400  1750 

3700  2200 

3075  1940 

3500  2100 

3200  1550 

4060  2550 

4500  ]  3100 

2450  j  1900 

a9-)0  1.5C0 


2600 
V625 


1725 
2075 


2  crops 
3775 
5100 
6150 
6900 
5015 
5600 
4750 


4850 
5450 


Total  yield  6 
crops. 

18488 

20545 

208-50 

22160 

19454 

20225 

20065 

32090 

28140 

'M)m  ■ 

21240 


4325 
4700 


20158 
19473 
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RAW  VS.  DISS0LA7ED  LEATHER  AND  HAIR  WASTE. 

It  has  become  a  common  practice  during  the  past  few  years  to  luiv 
such  materials  as  hair,  .leather,  waste,  etc. ,  with  rock  before  treating' it 
with  acid,  and  thus  get  the  betiefit  of  tlu-  action  of  the  acid  on  this  mat- 
ter, at  the  same  time  the  rock  is  beiug  dissdived.  It  is  claimed  thiit  this 
treatment  puts  the  nitrogen  of  these  maferials  in  a  condition  to  bf  readily 
available  to  plants  and  lemoves  all  olgectioii  to  the  use  of  such  material 
as  a  source  of  Nitrogen.  In  order  to  test  this  claim,  both  the  raw  and 
acid  treated  leather  and  hair  were  used  in  these  epxeriments.  They  were 
treated  with  acid  here  at  the  Station,  so  that  there  would  be  no  doubt 
about  each  plot  receiving  the  same  amount  and  kind  of  waste.  The  re- 
sults are  given  in  Table  10,  Page  48.  Plots  No.  13  to  18,  and  seem  to- 
show  some  decided  advantage  resulting  fi-om  treating  the  leather  with  acid,, 
but  none  from  treating  the  hair,  except  with  the  one  crop  of  wheat. 

ORGANIC  NITROGENOUS  FERTILIZERS   CONTAINING  PHOSPHORIC 
ACID. 

Bone  Tankage  and  Drietl  Fish. 

These  fertilizers  were  applied  so  as  to  furnish  the  same  (|uantity  of 
Nitrogen,  and  there  was  \ery  nearly  the  same  <(uantity  of  Phosphoric  acid. 
though  slightly  more  in  the  fish  than  the  tankage.  For  details  of/yields 
see  plots  19  and  20  Ta])le  l(K  Page  48.  It  will  be  seen  that  the  tish 
gave  much  better  yields,  in  every  case,  than  the  tankage,  and  Avould  seem 
to  leave  but  little  donbt  as  to  whicdi  to  prefer  at  the  same  price.  j|  The 
different  actions  of  these  two  materials  is  hard  to  explain,  but  it  is  prob- 
ably due  to  the  greater  facility  with  which  nitrification  can  take  ])lace  in 
the  fish.  The  results  of  these  tvvo  fertilizers  seem  to  indicate|the  value 
of  the  Phosjjhoric  Acid  on  the  land  used. 

NITROGENOUS  FERTILIZERS  CONTAINING  BOTH  PHOSPHORIC  ACID 
AND  POTASH. 

Cotton  Seed  Meal  and  Stable  Manure. 

These  manures  were  a})plied  so  as  to  furnish  the  same  (juantitv  of 
Nitrogen  as  was  received  by  the  other  plots.  This  made  what  would  be 
considered  a  rather  light  dressing  of  manure.  l)eing  only  al)Out  1-5  tons 
per  acre;  yet  this  represented  considerably  more  organic  matter  than  was 
received  by  otherplots,  and  it  wasexjiected  that  this  would  be  (|uite  bene- 
ficial as  the  land  was  thought  to  be  deficient  in  this  respect.  The  yields- 
from  the  stal)le  manure  were  better  than  from  Cottonseed  Meal,  but  were 
not  as  large  as  were  expected,  and  did  not  show  the  manure  to  lie  a  very 
suj)erior  source  of  nitrogen. 

MISCELLANEOUS  EXPERIMENTS  WITH  NITROGENOUS  FERTILIZERS. 

Froni  time  to  time,  there  have  been  conducted  by  this  Station, 
numerous -exi)eriments  with  nitrogenous  fertilizers,  most  of  whic  h  have 
never  been  reported,  but  as  this  is  a  subject  of  general  interest  it  was 
thought  best  to  bring  them  all  together  in  this  one  ])ublication. 
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TOP-DKESSmG  GRASS  LAND. 

The  piece  of  land  used  in  this  test  had  been  ci;t  for  hay  the  two  prev- 
ious years.    It  was  a  good  orchard  grass  sod,  and  contained  some  clover. 

The  fertilizer  was  applied  broad-cast,  by  means  of  a  grain  drill  with 
the  hoes  up,  April  2nd.  1903.  The  fertilizer  seemetl  to  produce  a  mark- 
ed effect  at  once,  and  gave  indications  of  a  large  yield,  hut  the  latter  part 
of  April,  the  weather  turned  suddenly  dry,  and  almm  inally  cool  and  re- 
mained so  until  the  orchard  grass  was  in  l)looin  and  it  was  time  for  cut- 
ting the  crop  for  hay,  so  that  the  yield  was  not  nioie  than  one-half  of 
what  was  expected.  A  Farmers'  Club,  that  visited  the  Station  near  the 
middle  of  April,  thought  that  the  croj)  gave  indicatioiis  of  a  yield  of  three 
tons  per  acre.  The  dry  cool  weather  was  favoral)le  for  the  action  of  the 
fertilizers  yet  the  increased  yield,  rated  at  60  per  cent,  gave  a  uet -profit 
from  the  Nitrate  of  Soda  of  about  $2.75  per  acre,  iind  left  the  land  in 
better  condition  as  the  second  groAvth  on  this  plot  was  better.  The  dried 
fish,  not  being  so  active,  did  not  give  as  large  an  increase,  and  as  it  cost 
more,  there  was  no  profit  from  its  use. 

The  following  table  gives  the  details  of  treatnu'nt  and  results: 

Plot  No.         Kind  and  quantity  of  fertilizer.         ^'ield  of  hay  jier  acre. 

1.  Dried  Fish,  200  lbs.  per  acre  '  2450  lbs. 

2.  (Nitrate  of  Soda,  100  11)S.  per  acre.   Dissolved  S.  C.  Rock, 

100  lbs  per  acre   3865 

3.  No  fertilizer   2040  ' 

The  fertilized  plots  received,  a])proximately,  the  same  (piantity  of 
plant  food. 

TOP-DRESSING  LAWN. 

There  is  consitlerable  interest  in  the  matter  of  fertilization  of  lawns, 
and  frequent  inquiries  come  to  the  Station  for  information  on  the  subject. 
The  chief  reliance  is  in  the  use  of  stable  manure  apjdied  during  the  fall  or 
winter,  and  while  this  gives  fairly  good  results,  yet  it  is  not  satisfactory 
from  the  fact  that  it  is  not  only  difficult  at  times  to  procure  it,  Init  when 
applied  it  is  always  unsightly  and  sometimes  gives  rise  to  disagreea))Ie 
odors.  The  coarse  parts  always  have  to  be  I'emoved  in  the  spring,  and 
generally  leaves  the  lawn  spotted  and  uneven  in  ajjpearance.  Then,  too, 
there  is  always  more  or  less  danger  of  introducing  ol)  jectional)le  Aveeds  with 
the  manure. 

The  stable  manure,  which  is  ajiplied  in  the  fall  or  winter,  is  alwavs 
raked  off  early  in  the  spring  which  gives  the  land  only  the  benefit  of  the 
soluble  portions  which  evidently  remains  in  the  lands  during  the  winter 
without  much  loss  from  leaching.  Having  observed  that  spring  ajiplica- 
tions  of  commercial  fertilizers  had  a  tendency  to  cause  the  grass  to  suffer 
from  drought,  it  was  decided  to  try  fall  or  winter  a]iplicatious  of  Com- 
mercial Fertilizers.  The  experiment  Station  Lawn  was  used  for  this  test. 
It  consisted  of  a  good  Kentucky  blue  grass,  and  white  olover  sod  seeded 
down  the  fall  of  1898. ;  The  land  is  a  stiff  clay  loam.  The  details  of  this 
test  were  conducted  by  Thos.  H.White,  Gardiner.  The  following  is  the 
plan  of  the  experiment. 
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TABLE  12. 

PloU  10  feet  wide  and  83  feet  long. 

Piot)No. 

;1.    Fresh  horse  stable  manure,  at  the  rate  of  15  tons  per  acrf. 

12.    Tankage,  1700  lbs.  per  acre. 

;3.    Nitrate  of  soda,  900  lbs.  per  acre. 

4.  Eaw  Phosphate  Rock,    300  lbs.,  Muriate  of  Potash,  288  lbs.,  Tank- 

age,  850  lbs.  Nitrate  of  Soda,  450  lbs.,  per  acre. 

5.  ,  Nothing. 

6.  Same  as  No.  4,  with  2000  1I)S.  of  Lime  per  acre,  applied  a  few  days 
-fgy  r,j|  before  the  fertilizer. 

7.  Wood  ashes,  2900  lbs.  per  acre. 

8.  Muriate  of  Potash,  288  lbs.  per  acre. 

9.  Muriate  of  Potash,  288  lbs.  and  Lime  2000  lbs.  per  acre. 

10.  Lime  2000  lbs.  per  acre. 

11.  Slag  Phosphate,  350  lbs.  per  acre. 

12.  Dissolved  South  Carolina  Rock,  450  lbs.,  per  acre. 

The  manure  and  fertilizer  was  applied  January  9th,  1902.  The 
fifteen  tons  per  acrejof  stable  manure  used,  completely  covered  the  grass. 
The]  tankage  being  dry  and  rather  bulky,  gave  the  })lot  to  which  it  was 
applied  a  dark  brown  appearance,  which,  however,  was  washed  by  the 
first  rain  and  the  grass  assumed  a  dark  green  color  which  it  maintained 
all  winter,  and  which  was  much  more  pleasing  than  the  straw  of  the  ma- 
nure|aloug-side. 

The  Nitrate  of  Soda  turned  the  grass  a  l^rown  similar  to  the  action 
of  frost  which  did  not  disajipear  until  spring.  The  plots  receiving  potash 
had  about  the  same  appearance  as  the  Nitrate  of  Soda  Plots,  but  they  did 
not  become  green  as  early  in  the  spring. 

In  tests  of  this  sort,  no  record  of  yields  could  be  made,  so  that  the 
lonly  results  available  are  those  which  could  be  obtained  by  observation 
and  taking  notes. 

JVote.^  takeii  March  13,  1902. 

Plots  No.  1.    Removed  the  litter  of  the  stable  manure.    The  grass  had. 

made  some  growth,  was  spotted  and  somewhat  bleached  in  a])pearance. 
Plot  No.  2.    Grass  a  very  dark  green' color  which  it  had  acijuired  a  few 

days  after  the  application  of  the  tankage  was  made. 
Plot  No.  3.    Beginning  to  turn  green  and  outgrow  the  injury  caused  to 

the  foliage  by  the  heavy;  application  of  the  Nitrate. 
Plot  No.  4.    Quite  green,   better  than  No.  1  or  3,  but  not  so  good  as  2. 
Plot  No.  5.    Shows  very  little  signs  of  growth. 

Plot  No.  6.    Probably  a  little  better  than  No.  4.    There  is  nothing  notice- 
able in  the  remainder  of  the  plots,  and  they  look  just  about  like  No.  5. 

Notes  taken  April  14,  1903. 

The  relative  condition  noted  one  month  ago,  obtains  today.  The 
growth  of  the  plots  receiving  fertilizer  is  quite  rank,  and  it  is'necessary 
to  cut  these. 
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Tbe  difference  can  be  better  appreciated  by  the  fact  that  Plot  No.  2, 
(Tankage)'was  uniformly  three  inches  bigher  than  lot  No.  5,  (Nothing). 
The  heighth  and  appearance  of  the  grass  on  the  plots,  ranked  as  follows'". 
Plot  2,  6,  4,  3,  and  i.  Plots  f),  7,  8.  9.  10,  11,  and  12,  showed  no  &]>- 
})reciable  difference. 

Sea.^on  I9i'2-H»03. 

The  to})-dressing-  of  the  lawn  jdots  was  repeated.  The  a))plications 
.being  the  same  as  the  })revions  yeai',  with  the  exception  that  Fish  Tank- 
age was  used  instead  of  Bone  Tankage. 

The  results  of  this  year's  work  sup{)ort  that  of  last  year  in  every 
jiarticular. 

There  seems  to  l)e  }\o  noticeable  difference  as  to  the  drought  resisting 
powers  of  the  various  })lot8.  All  things  considered,  it  would  seem  that 
■either  bone  or  fish  tankage  is  the  most  desirable  material  for  top-dressing 
lawns  and  for  the  city  or  town  lawn  is  much  easier  to  get.  cheaper,jind 
more  agreeable  to  nse  than  stable  manure. 

THE  USE  OF  NITROGENOUS   FERTILIZERS  ON  VEGETABLES. 

Juile. 

All  ap])lication  of  50  lbs.  of  Nitrate  of  Soda  and  100  pounds  of  Dried 
Kish  ])er  acre,  in  May,  increased  the  growth  30  ])er  cent. 

Letfuce. 

An  apjdication  in  March  at  the  rate  of  2.tO  pounds  of  Nitrate  of  Soda 
■and  750  ])Ounds  of  Dried  Kish  ])er  :icre.  to  Lettiicc.  in  fold  frames,  made 
the  cro]i  ready  to  market  one  week  ,-ooiiei-  ami  iii(  ic;is(d  the  yield  five 
pounds  per  sash  or  12000  j)ouii(ls  per  acre;  wiiicli  ;it  two  cents  per  head 
would  have  a  value  of  s240.00  ])er  nm-. 

J 'at  1(1  (ICS. 

Several  exjierinients  liave  been  Iried  on  the  nt-e  of  Nitrate  of  Soda  as 
a  top-dressing  for  eai  lv  potatoes.  This  was  a})])lietl  at  the  rate  of  100 
pounds  ])er  acre,  aft"i-  tin:  potatoes  uere  nj)  and  started  to  growing.  One 
year  tliis  treatment  increased  the  yiehl  of  merchantable  potatoes  100 
liuslieis  i)er  acre,  and  the  average  i  f  seve ral  years  was  20  i)er  cent  increa.^e. 
'DDtidiocs. 

Some  of  the  earlv  work  of  this  Station  was  with  fertilizers  for  toma- 
toes. The  results  i-i'  detail  are  given  in  HuJletin  No.  .1,  hut  it  showed 
that  Nitrate  of  Soda  was  particularly  active  with  this  crop  and  producetl 
a  larger  increase  than  any  other  single  ingredient.  An  application  of 
IGO  ])Ounds  ])er  acre  caused  an  increase  of  as  much  as  live  tons  of  toma- 
toes. 

There  has  been  much   vab  able  woi  k   conducted  I  lie  use  of  Ni- 

trogenous F^ertilizers  with  \arions  crops,  and  ])articu!arly  vegetables. 
This  woi-k  has  proven  that  this  ])lant  food  is  a  ])otent  factor  in  increasing 
the  yields  and  improving  the  i|uality. 

Among  the  many  bulletins  pertaining  to  the  fertilization  of  vege- 
t:^l)les  subject  the  following  are  worthv  of  special  mention,  and  would 
:be  of  j)artjcular  interest  to  track  growers: 
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"The  Manuring  of  Market  Garden  Crops,"  by  Bernard  Dyer, 
Rothanisted  Experiment  Station.  Bulletin  No.  69  Rhode  Island  Ex- 
periment Station.  Bulletin  No.  141,  New  Jersey  Experiment  Station; 
Bulletin  No.  66  Massachussetts  Experiment  Station;  and  Bulletin  No.  84 
Indiana  Experiment  Station. 
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Bulletin  No.  92.  Harch,  1904. 


NOTES  ON  APPLE  CULTURE. 
By  C.  F.  Austin. 


INTRODUCTION. 

While  apples  have  been  grown  in  Maryland  from  the  earliest  time, 
they  have  never  received  the  attention  that  they  should  from  the  leading 
fruit  men. 

The  business  of  commercial  apple  growing  has  never  received  the 
attention  that  is  necessary  to  bring  it  np  to  a  standard  that  will -win  a 
2)lace  in  the  markets  for  the  apples  of  this  State.  Maryland  has  never 
been  rated  as  one  of  the  apple  producing  states,  .although  she  has  the  soil 
and  climatic  conditions  favorable  to  producing  fruit  of  high  Commercial 
value.  The  only  thing  that  seems  lacking  is  for  men  to  take  hold  of  apple 
growing  in  a  thorough,  up-to-date  business  manner,  and  put  into  actual 
practice  the  horticultural  operations  that  are  necessary  to  succeed  in  any 
line  of  fruit  growing. 

Maryland  lies  in  the  same  range  of  latitude  as  many  of  the  states 
that  have  won  fame  from  the  product  of  their  apple  orchards.  Western 
Maryland  is  especially  adapted  to  the  growing  of  late  fall  and  winter  apples 
of  fine  quality,  color,  and  appearance.  There  are  many  idle  hillsides  that 
could  be  made  a  profitable  investment  by  putting  them  into  apple  trees. 
While  a  small  State  in  the  number  of  square  miles,  it  has  wonderfullv 
varied  soil  and  climatic  conditions,  reaching  as  it  does  from  the  tide  wat- 
ers of  the  Atlantic  on  the  east  to  the  rugged  ranges  of  the  Alleghanies  on 
the  west.  It  is  possible  under  such  varied  conditions  to  grow  apples 
adapted  to  all  seasons  of  the  year. 

While  the  Southern  and  Eastern  sections  of  the  State  are  not  adapted, 
except  in  the  more  favored  localtites,  to  producing  late  fall  and  -winter 
apples,  they  have  the  advantage  of  producing  an  especially  fine  summer 
and  early  fall  product.  The  roiling  lands  of  northern  and  western  sec- 
tions of  the  State  produce  a  late  fall  and  winter  apple  that  compares  fav- 
orablv,  and  iu  many  instances  is  better  than,  the  product  of  our  more 
renowned  apple  districts. 

The  State  also  has  the  advantage  of  fine  railroad  transportation  to  all 
the  large  cities  of  the  East  and  water  transportation  to  markets  of  Eng- 
land and  Europe. 

It  seems  to  be  the  current  notion  iu  this  State,  that  the  apple  is  a 
fruit  that  thrives  under  neglect  and  want  of  care,  the  only  thing  being 
necessary  is  to  set  the  trees  in  sorne  out^of^the  way 'place,  usually  the 
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poorest  part  of  the  farm.  The  orchard  is  given  little  or  no  cultivation, 
except  what  is  necessary  to  produce  some  other  crop  among  the  trees, 
while  pruning,  spraying,  thinning,  and  many  of  the  other  operations 
looked  upon  bv  the  successful  orchardist  as  necessary  to  success,  are  not 
taken  into  consideration.  Among  surroundings  of  tbis  character,  we  ex- 
pect to  harvest  the  beautiful  red-cheeked  ap])le  with  which  to  add  to  our 
tinances,  as  well  as  to  the  enjoyment  of  our  friends  on  a  long  winter  even- 
ing. It  is  also  from  such  surroundings  that  comes  the  complaint  that 
"apple  raisin"  don't  pay."    May  I  ask,  should  it  pay  y 

The  time  is  i)ast  when  successful  orcharding  can  be  done  under  such 
conditions  and  surroundings.  The  time  is  at  hand  when  profitable  apple 
growing  must  be  put  u])on  a  business  basis,  and  attmded  to  with  the 
proper  horticultural  practices. 

It  is  the  i)uri)Ose  in  the  following  })ages  to  call  attention  in  a  brfef 
way  to  some  of  the  })rinciples  and  methods  that  are  considered  by  success- 
ful orchardists  as  absolutely  essential  to  successful  apjile  growing. 

LOCATION. 

The  (piestion  of  location  is  a  very  imi)ortant  one,  and  should  receive 
very  careful  consideration  from  the  prospective  api)le  jjlanter.  The  two 
points  that  should  be  considered  are  first,  soil  drainage,  and  second,  at 
mospheric  drainage.  Apple  trees  will  not  be  a  success  upon  low,  wet  land. 
The  best  location  is  one  where  there  is  abundance  of  natural  drainage. 
High,  dry,  rolling  lands  will  give  good  results.  Where  there  is  not  snf- 
ticieat  natural  drainage,  much  can  be  done  by  artificial  drainage.  The 
low,  wet  })ockets  that  are  found  should  alwavs  be  drained.  Low,  wet. 
Hat  bottom  lands  should  be  avoided.  There  is  very  little  danger  from 
want  of  atmosjjheric  drainage  upon  rolling  lands,  for  the  cold  air  settles 
into  the  valleys  and  is  drawn  off  to  the  tlat  lands  where  it  remains  sta- 
tionary upon  still  nights.  This  is  the  reason  that  low,  flat  lands  suffer 
from  early  fall  and  late  si)ring  frosts,  for  the  cold  air  settles  upon  them, 
while  the  higher  lands  surrounding  escape  these  dangers. 

THE  SOIL  AND  ITS  PREPARATION. 

The  apple  tree  is  quite  cosmopolitan  in  regard  to  the  soil  best  adapted 
to  it.  Much  more  depends  upon  the  location  with  reference  to  soil  and 
air  drainage,  selection  of  varieties,  and  proper  cultural  methods  than 
npon  any  pecuhar  class  of  soil,  as  clay,  loam,  etc.  A  fei  tile  gr<ivel]y 
loam,  well  filled  with  veget<able  matter  i<  to  be  preferred  to  a  stiff  clav  on 
account  of  the  ease  with  which  the  soil  is  drained.  AVhere  a  lime  stone 
soil  is  to  be  had,  it  is  to  be  preferred  to  all  others.  A  rocky  soil  will 
many  times  give  wonderful  success  with  apples. 

Too  much  attention  cannot  be  given  to  the  prcj^aral  ion  of  the  soil 
before  the  trees  are  planted.  It  should  be  plowed  dtep  and  tlini-ough  ami 
well  harrowed  to  give  a  good,  smooth,  mellow  surface. 

TERRACING. 

After  looking  over  many  parts  of  the  State,  we  are  convinced  that  the 
fruit  growers  will  find  some  form  of  terracing  very  profitable.  By  the 
use  of  the  terrace  many  of  the  hilly  places  could  be  very  easilv  cnltivated, 
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FIGURE  2.  Showing  a  large,  medium,  and  f  mail  tree  pruned  and  unpruned  at  setting 
time,  (original; 

and  the,.\vashiDg  that  is  so  common  dufifig:  the  hard  fall  and  spring  rains 
would  be  to  a  large  extent  prevented.  The  system  is  a  very  simple  one. 
The  terraces  are  laid  off  according  to  the  contour  of  the  hills.  A  terrace 
level  is  used  where  the  hill  sides  are  steep,  but  when  not  very  steep  good 
work  can  be  done  with  an  ordinary  level  and  the  eye.  For  orchartl  work 
it  is  best  to  lay  out  a  terrace  for  each  row,  as,  for  instance,  if  the  rows 
are  forty  feet  apart,  the  terraces  would  be  forty  feet  wide.  The  trees  to 
be  planted  upon  the  top  of  each  terrace  and  the  rows  run  around  the  con- 
tour of  the  hillside,  and  not  set  in  S(iuares  or  checks  as  is  the  usual  plan. 

The  cultivation  of  the  orchard  is  around  the  terraces  in  one  way. 
The  bank  of  the  terrace  should  be  seeded  to  some  form  of  binder  grass, 
as  Kentucky  Blue. 

The  principal  value  of  the  terrace  is  the  preventing  to  a  large  extent 
of  the  washing  and  gullying  so  common  in  many  sections,  and  also  mak- 
ing it  possible  to  plant  many  hill  sides  that  would  be  too  steep  for  plant- 
ing by  the  ordinary  methods. 

TIME  TU  PLAJS^T  TREKS.. 

The  (juestioH  of  fall  or  spring  planting  has  always  been  debated 
among  fruit  growers,  aud -probably  always  will  be.  There  are  many 
things  in  favor  of  both  sides.  But  in  all  sections  where  there  is  a  com- 
paratively mild  climate  as  it  is  in  Maryland,  fall  planting  will  give  the 
best  results.  Any  warm  days  during  "the  fall  and  eai'ly  winter  may  be 
used  for  this  work.       .         '  " 
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Among  the  things  in  favor  ( f  fall  planting  the  following  may  be 
named.  It  is  a  time  of  the  year  when  labor  is  plenty.  There  is  an  op- 
portuuiy  to  take  more  pains  in  ])lanting  the  trees  than  during  the  rush  of 
the  spring  work.  The  main  reason  for  fall  planting  is,  that  the  tree  be- 
comes firmly  fixed  in  the  soil  and  is  readv  to  start  growth  with  the  open- 
ing of  spring.  If  the  winter  is  warm  and  mild  there  will  sometimes  be- 
some  growth  of  fibrons  roots,  which  helps  to  further  hold  the  tree  in  the 
soil  and  insure  it  a  good  eiirlv  start.  With  spring  planting  there  is  no 
danger  of  the  tree  being  winter  killed,  though  this  j-arely  occui's  in  a  cli- 
mate as  mild  as  is  found  in  this  State. 

DISTANCE  TO  SET  TREES. 

The  distance  will  vary  somewhat  with  the  variety  of  the  tiees.  There 
is  always  a  tcndeiicv  to  set  them  too  close  rather  than  too  far  ajiart.  A 
tree  should  have  plenty  of  room  to  grow  and  develop.  A  provision  shonld 
be  made  for  the  free  circulation  of  air.  and  the  admittance  of  abundance 
of  light,  around  and  through  the  trees,  when  they  are  full  grown  and  full 
of  fruit  and  leaves.  Fortv  feet  each  wav  is  none  too  far  apart  for  the 
large  spreading  vaiieties.  With  many  of  the  slower  growing  and  more 
erect  sorts,  thirty  to  thirty-four  feet  will  give  good  results.  We  must 
remember  when  planting  an  apjile  orchard  that  it  is  not  for  eight  or  ten 
years,  bnt  for  twenty  or  fifty  years,  and  in  that  time  trees  grow  to  a  very 
large  size  and  demand  a  large  amount  of  room  for  their  best  develop- 
ment. A  saving  of  a  few  feet  of  ground  is  often  the  cause  of  mnch  in- 
convenience in  working  the  orchard  as  it  becomes  older,  and  a  loss  of 
money  by  not  being  able  to  produce  a  fine  grade  of  fruit  on  account  of 
the  trees  being  too  crowded. 

DOUBLE  PLANTING. 

It  is  often  recommended  to  plant  the  trees  that  are  to  form  the  })er- 
manent  orchard  at  the  same  distance  a]iart.  or  even  a  few  feet  farther  apart, 
and  then  fill  in  the  space  between  the  trees  with  some  early  maturing 
variety  of  apples,  or  with  some  other  frnit  trees,  as  2)eaches,  i)lums,  or 
pears.  The  object  to  be  gainetl  is  that  the  early  maturing  trees  planted 
in  as  fillers  will  come  into  bearing  sooner  than  the  permanent  orchard 
trees,  and  help  to  pay  the  expenses  of  the  plantation.  The  early  varieties 
are  to  be  cut  out  as  soon  as  they  begin  to  interfere  with  the  i)ermanent 
trees.  Right  here  is  where  the  trouble  comes  in  for  few  people  will  cut 
out  the  fillers  as  soon  as  they  ought  to  be  taken  out.  If  this  is  done  all 
right  and  good. 

Bnt,  as  a  rule,  it  would  be  far  better,  to  rely  u])on  some  form  of 
spring  cropping  of  the  permanent  or<;hard  to  help  pay  the  expenses  while 
the  trees  are  coming  into  bearing,  than  upon  the  method  of  doul)le  phuit- 
ing.  The  i)lan  is  theoretically  an  ideal  one,  in  itself,  there  are  serious- 
objections  to  it  in  jiractice. 

SETTING  OF  THE  TREE. 
Pains  shonld  be  taken  in  setting  a  tree,  for  if  it  is  worth  setting  at 
all,  it  is  Avorth  setting  well.    It  is  probably  trne  that  more  trees  die  from 
improper  and  careless  planting  than  from  any  other  one  cause.  A  large  hole 
should  be  dug  from  sixteen  to  twenty  four  inches  scpiare,  and  deep  enough 
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to  allow  three  or  four  inches  of  the  surface  soil  to  be  put  in  the  bottom 
of  it,  and  then  have  the  tree  so  that  it  comes  one  or  two  inches  deeper  than 
it  was  ia  therv.uurserv.  vAfter;,placiDg  the  tree  in  the  hole,  ^hovel  in  some 
loose  melloV  surface  soil  and-  carefully  -work  it  in  around  the  roots,  and 
when  the  roots  are  well  covered,  tramp  the  dirt  firmly  with  the  feet,  and 
then  fill  uj)  the  balance  of  the  hole  with  good  soil  and  make  it  firm. 
Leave  the  surface  of  the  soil  loose  and  mellow  so  as  to  prevent  evapora- 
tion. Be  sure  and  fill  the  hole  up  well  around  the  tree,  so  when  the  soil 
settles  down  there  will  not  be  a  hollow  where  water  can  stand  or  run  down 
around  the  trunk  and  roots  of  the  tree. 

AGE  AND  SIZE  OF  TREES  TO  SET. 

A  tree  for  planting  should  never  be  over  two  years  old,  and  many 
prefer  a  good  strong  one  year  tree.  The  older  the  trees  are,  the  harder 
they  are  to  transplant  and  have  them  live  well.  The  future  growth  of 
old  trees  from  the  nursery  is  very  seldom  satisfactory.  It  is  not  age  that 
makes  a  first  class  tree. 

Apple  trees  at  present  time  are  usually  graded  into  six  sizes  by  the 
leading  nurserymen.  The  point  that  determines  the  size  of  the  tree  is 
the  calier.of  the  trunk  just  above-the  union  of  the  scion  and  the  stock. 
By  the  calier  we  mean  the  diameter  of  the  trunk  in  inches  or  fractions  of 
an  inch.  A  first  class  apple  tree  of  the  first  size  is  one  that  has  a  well 
formed  root  system,  as  smooth  and  straight  a  trunk  as  can  be  had  of  the 
variety  wanted,  for  we  must  remember  that  all  varieties  are  not  the  same 
as  to  the  habit  of  growth;  a  well  formed  head  or  top  liaving  the  branches 
Avell  along  the  side,  and  a  calier  at  the  base  of  not  less  than  three-fourths 
of  an  inch.  A  first  class  tree  of  the  second  size  is  one  that  has  the  same 
description  as  the  former  with  a  calier  of  five-eights  of  an  inch  to  three- 
fourths  of  one  inch.  The  third  size  is  a  tree  same  as  the  former,  only 
somewhat  smaller  and  caliering  at  the  base  nine-sixteenths  of  one  inch  to 
five-eights  of  one  inch.  The  fourth  size  is  a  still  smaller  tree  running 
from  one-half  inch  at  the  base  to  nine-sixteenths  of  one  inch.  The  fifth 
size,  is  smaller  than  one-half  inch  in  diameter  at  the  base  and  running 
three  or  four  feet  in  height.  The  sixth  size  is  a  very  small  tree,  running^ 
from  two  to  three  feet  in  height.    See  Fig.  No.  1. 

Many  people  who  handle  trees  have  a  misleading  way  of  grading  trees 
according  to  the  height  in  feet.  As,  for  instance,  a  first-class  tree  is  said 
to  be  one  from  five  to  seven  feet.  By  this  method  it  allows  the  putting- 
in  of  trees  of  smaller  diameter  that  liave  the  re<|uired  height.  As,  for 
example,  a  tree  may  not  be  over  nine  sixeenths  of  one  inch  in  diameter  and 
go  in  as  a  first  class  tree  for  it  has  a  long  slender  weak  trunk.  By  using 
the  calier  method  in  buying  you  can  get  the  trees  having  the  strong  stiff 
trunk.  Trees  having  crooked  trunks,  poorly  formed  heads  or  tops  and 
deficient  root  system  should  not  be  luul  at  any  price,  for  a  cheap  tree  is 
the  most  expensive  of  all.  Good  first  class  trees  of  the  different  grades 
from  one  half  inch  up  will  give  good  results. 

HOME  GROWN  VS.  NURSERY  GROWN  TREES. 

Many  people  think  they  can  grow  their  own  trees  and  save  the  ex- 
pense of- buying  them.  It  will  usually  be  found  to  be  cheaper  to  buy  your 
trees  of  some  good  responsible  nurseyman  than  to  grow  them  yourself. 
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Nurse)')'  stuck  ileiiiaiuls  special  care  and  attention  and  tiie  average  farmer 
Avill  not  liHve  the  time  to  give  it  tlie  attention  it  demands  to  make  the 
iTiidertaking  successful.  A  i)oorly  grow  n,  stunted  tree  will  l>e  dear  at  any 
price.  Do  not  grow  your  own  trees  unless  you  can  grow  them  strong, 
vigorous,  and  thrifty. 

PRUNING. 

The  <|uejtion  uf  ]iruniiig  liees  is  very  largely  un  individual  mattei', 
for  tliere  are  iio  hai'd  or  fast  I'ules  to  be  laid  down  as  to  just  how  much 
shall  or  shall  not  be  cut  from  the  tree.  Xearly  every  fruit  grow  ei'  has  his 
own  ideal  of  how  a  tree  should  look,  so  that  one  can  only  gi\e  some  of  the 
gen.eral  principles  of  pruning  and  leave  each  one  to  work  them  iiito  his 
method.  In  jtruning  a  tree  to  set,  one  should  remove  all  broken  or 
mangled  roots,  using  a  sinootli  slanting  cut.  Fig.  No  2.  Any  long 
sprawling  roots  can  be  shortened  to  lit  a  good  sized  hole.  If  the  trees  are 
very  small  and  slender,  the  toj)  should  be  pruned  to  a  whip  and  then  cut 
back  to  the  required  height.  '  If  a,  ti-ee  has  a  large  top  when  setting  it,  most 
of  this  lop  should  be  removed.  Three  oi'  four  short  branches  nuiy  be 
left.  We  must  remember  that  in  setl  ing  a  tree  it  is  the  roots  that  we 
want  to  tal:e  hold  of  the  soil.  The  tree  must  be  supported  by  the  latent 
food  stored  up  in  the  roots  and  branches  until  the  roots  can  take  hold  of 
the  soil  to  furnish  food  for  its  support  The  less  top  Ihere  is  for  the  tree 
to  support'  while  the  tree  is  young,  the  better  chance  it  has  to  live.  In 
forming  the  top  or  head  of  a  tree,  one  should  be  particular  to  remove  all 
cross  limbs  and  crotches,  for  the  cross  liml  s  will  soon  begin  to  rul)  against 
each  other,  and  the  crotches  will  split  as  soon  as  there  is  a  heavy  load  of 
fruit. 

The  pruning  for  the  second  year  should  be  the  formation  of  the  top 
or  head  or  in  other  words,  the  leaving  of  the  ntimber  of  bVanches  that  we 
want  for  permanent  branches  There  should  be  from  three  to  five  limbs 
well  distributed  around  the  trunk  so  as  to  form  a  well  balanced  top  See 
Fig.  Nos.  3,  4,  f>,  and  6.  The  height  from  the  ground  that  the  head 
should  be  formed  will  depend  very  much  upon  the  variety.  The  erect 
growing  sor  s  can  be  started  much  clo ^er  to  the  ground  than  those  that 
are  spreading  or  drooping.  Many  of  the  erect  growing  varieties  can  be 
started  as  close  as  twelve  to  sixteen  inches  from  the  ground,  while  the 
more  spreading  (uies  from  two  to  two  and  one  half  or  three  feet.  The 
closer  tlie  head  can  be  biought  to  the  ground  the  better,  for  with  our  im- 
proved machinery  for  cultivation  it  is  not  necessary  to  have  the  truiiks 
Irom  four  to  live  feet  high.  'I'll  -  pruning,  spra\ing,  ;ind  hai'vest ing  are 
operations  that  have  to  be  (hnie  by  hand  and  the  (doser  to  the  ground  we 
can  get  the  heads  of  our  fruir,  trees,  the  easier  anil  cheapei-  can  the  most 
expensive  jiart  of  t he  labor  be  done.  The  ]irnning  for  the  third  and 
fourth  years  ami  uniil  the  ti-ee  comes  in  to  Ijearing  should  be  along  lines 
already  imlicated,  thinning  out  the  wood  and  cutting  b:ick  the  excessive 
growth  to  fo  m  as  perfect  a  head  as  jiossiblc  See  Fig.  No.  7  and  8.  In 
cutting  back  it  is  usually  best  to  remove  at  least  one  half  of  the  growth 
made  the  previous  season.  After  a  ti'ee  comes  into  full  bearing  it  will 
not  require  as  heavy  pruning  as  while  young  and  growing  vigorously. 
The  object  in  pruning  the  bearing  tree  sh-^uld  be  to  thin  out  sufficient 
woQd  to  admit  plenty  of  light  and  air  to  all  parts  of  the  tree.  Sunlight 
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is  absolutely  esseutial  to  grow  apjiles  of  high  color  and  iiavor,  aud  this 
cannot  be  doue  where  there  is  a  thick  foliage.  Many  trees  produce  iip 
much  wood  and  this  ehould  In-  removed.  All  such  growths  as  water 
sprouts  along  the  main  liinl)s  should  be  removed.  The  pruning  of  a 
bearing  orchard  will  seldom  be  excessive,  but  they  should  be  gone  over 
once  a  year  to  remove  all  dead  or  broken  limbs,  ;)ud  whatever  unnecessary 
wood  growth  there  is.  The  trees  of  a  l)eariug  orchard  will  seldom  need 
cutting  back. 

TIME  TO  PRUNE. 
The  best  time  is  in  tlie  latter  part  of  winter  and  early  spring  before 
the  growth  starts. 

HOW  TO  PRUNE. 

It  is  essential  to  make  all  the  cuts  smooth  and  as  close  to  the  main 
branches  as  possible,  so  as  not  to  leave  any  stubs.  When  the  cuts  are 
made  smooth,  even  ajid  close  to  the  limb,  the  wounds  will  heal  over  in  a 
short  time.  But  if  a  stub  is  left  it  can  never  heal  over  and  it  will  cause 
a  decayed  spot  or  hole  in  the  nniin  liuibs  of  the  tree. 

CULTIVATION  AND  CROPPING. 

The  (juestion  of  orchard  cultivation  is  a  very  important  one  and  any- 
one looking  forward  to  successful  apple  growing  should  give  the  matter 
careful  attention. 


FlfiUREll.  No.  1  showinKa  limb  split  w  it  li  irra  it  set  in  place.  No.  2.  Grafting  mallet. 
No.  3.  Two  grafts  showing  thick  and  thin  side  of  weilge  shaped  cut.  No.  4.  Grafting  chisel. 
No.  5.  A  bundle  of  grafts,  (original) 
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*FIGURE  12.  Showing  a  grff ted  tree.  The  grafis  were  -ct  in  >iiiini,'  1903  and  photo- 
graphed in  December  lau:^.  (original) 

From  the  time  an  orchard  is  set  out  uutil^it  comes  into'^fruiting, 
some  early  maturing  crop  can  be  grown  among  the  trees.  Such  t  crops 
as  early  potatoes,  tomatoes,  early  corn,  cantaloupes,  etc.,  are  to  be' pre- 
ferred for  they  mature  early  and  the  tree  receives  the  cultivation  during 
the  groA\  ing  period  of  the  year.  Fall  crops  that  require  late  cultivation 
should  be  avoided  for  they  cause  the  trees  to^grow^so  late  in  the  fall  that 
they  do  not  have  sufficient  time  to  mature  their  wood  for  winter.  »  Grains 
and  grass  crops  should  never  be  put  in  a  growing  orchard  for  they  draw 
too  heavily  upon  the  soil  and  the  moisture  in  maturing  their  seed.  After 
the  orchard  comes  into  full  bearing  the  trees  will  require  all  the  soil  and 
there  should  be  nothing  but  a  cover  crop  sown  in  the  orchard. 

In  the  spring  after  the  grass  starts,  the  orchard^should  be  carefully 


*The  photographs  for  flgnreg  12, 13, 14, 15,  were  taken  from  the  orchard  of  Mr.  Charles  F. 
Sweet,  Swanton.  Md. 
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plowed  from  five  to  ei^ht  iiiche-!  deep,  over  the  whole  spwcf''  except  close 
to  the  trees.  The  deep  plowitii^  is  lo  keep  the  roots  down  in  the  soil,  so 
they  will  not  come  into  tliesm  faee  soil  and  suffer  for  moisture  during  the 
dry  spells  of  the  year.  After  plowing  give  careful  cultivations  at  fre- 
quent intervals  during  the  growing  season  of'the  tree,  which  is  from  the 
time  the  growth  starts  until  well  into  July.  During  dry  s]iell,s  of  the 
growing  season,  the  cultivation  should  be  very  frequent  and  !^llallow  from 
two  to  three  inches,  so  as  to  maintain  a  tine  dust  mulch  to  prevent  as 
much  of  the  evaporation  as  possible. 

The  principal  reason  for  cultivation  should  be  the  conservation  of 
moisture,  aeration  of  the  soil,  and  the  destruction  of  weeds.  Whether 
the  latter  is  a  very  important  feature  of  orchard  cultivation  or  not,  we  be- 
lieve every  orchardist  should  take  pride  in  having  his  orchard  free  from 


FIGURE 
(original) 


15.  Showing  the  first  seasons  growth  of  a  top  worked  ^tliree  year  old  trees. 
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HGUREi:.  No.48hows  stock  and  scion  readv  to  he  united.  The  hand  to  the  lelt  is 
shoviMK-  the  stni-k  and  scion  together,  and  tlie  one  u,  ilje  nght  conipletinK  the  Kraft-  br  winding 
It  Willi  waxed  cotton.   ISo.  5  the  coinjilele  graft.    No.  (i  a  ball  of  waxed  cotton,    (original  1 
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FIGURE  l^.    Yelluw  Ti  nn,-i)ai-.Mit  Kvmt.  ((..  iKiniil) 

"weeds.  We  must  remember  lhat  it  inkes  plant  food  to  grow  werdt^.  Ob- 
servation has  made  it  veryi)laiii  lhat  the  M arylaiid  orchardi? t  has  iiut  real- 
ized the  full  value  of  neat,  tiiiy  orchards  free  from  weeds. 

The  soil  should  never  be  allowed  to  bake  after  a  rain  for  want  of  cul- 
tivation for  the  moisture  is  rapidly  evaporated  from  the  hard  smooth 
surface.  In  orcliard  cultivation  one  should  use  a  harrow  ihat  leaves  the 
ground  smooth  and  tine  as  possible,  for  the  larger  the  ridges  the  greater 
the  evaporation  surface  ,  and  the  coai>er  the  surface  soil,  the  deeper  will 
be  the  evaporation. 

COVER  CROP. 

With  the  last  cultivation  in  July  some  form  of  cover  crop  should  be 
sown.  The  object  of  tlie  cover  is  to  have  some  vegetation  upon  the  ground 
to  prevent  washing  by  fall  ami  \\  inter  rains,  and  to  add  vegetable  matter 
to  the  soil.  This  addition  of  xegetalde  matter  will  help  the  soil  to  retain 
more  moisture,  and  to  be  easier  of  cultivation  for  it  helps  a  stitf  soil  to 
become  lighter  and  a  light  soil  to  become  firmer.  The  best  cover  crops 
are  those  from  leguminous  plants,  such  as,  cowpea,  crimson  clover,  and 
alsike  clover,  etc.  This  class  of  ])lants  not  only  add  vegetable  matter 
to  the  soil,  but  they  also  have  tlie  jjower  by  the  means  of  tubei'cles  on  the 
roots  to  take  up  nitrogen  from  the  air  and  store  it  in  the  soil  for  the  use 
of  the  trees.  When  cowpeas  are  used  some  of  the  larger  varieties,  as  Un- 
known or  Wonderful  should  be  used  for  the  small  kinds  do  not  give  stem 
growth  enough.    Sow  cowpeas  at  the  rate  of  one  bushel  to  the  acre. 
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Crimson  cluvtT  SOW  at  t  lie  rate  of  twenty  pomuls  per  acre  aud  alsike  clover 
at  tile  rate  of  ten  to  twelve  pound:)  ])er  acre.  Of  the  uon  leguminous 
])]a:it.s  i-ye  and  oats  are  the  best  and  should  be  sown  at  the  rate  of  one 
bushel  per  acre. 

AVhen  any  crop  that  lives  over  winler  is  sown,  it  is  usually  best  to 
plow*  it  under  early  I'ather  than  allow  it  to  even  partially  mature.  They 
should  never  lie  left  to  ripen  their  seed  for  then  they  draw  too  heavily 
U])()n  the  soi  1  moistui'e  . 

*S()inftiincs  thesp.  crops  can  lie  workoil  intn  the  hiiicl  hy  iiieaus  of  a  disc 
harrow  more  ('(■oiioniically  tliaii  ]<y  vlnM  ing-  ami  at  the  same  time  keep  the 
laud  niorr  nvjirly  h'vel  and  prevent  injury  to  (lie  roots  of  tlic  trees  and  wash- 
ing of  the  land. 

THINNING  OF  APPLES. 

This  (luestion  has  never  been  given  the  thought  and  consideratioajn 
this  State  that  it  deserves.  Many  people  consider  it  only  a  waste  of  time, 
but  men  in  other  States  who  have  given  the  matter  a  careful  test  find  it 
pays  a  good  profit.  For  it  lessens  the  culls  and  number  two  grades  of 
fruit  and  increases  number  one  grade  of  fruit.  The  strain  upon  the  trees 
is  not  so  great  so  they  do  not  exhaust  themselves,  and  are  able  to  bear 
more  regularly.  The  practice  also  largely  pn-veuts  the  trees  from  split- 
ting and  breaking  to  pieces  when  heavily  loaded.  The  plan  found  to  be 
the  most  successful  is  to  thin  each  cluster  to  one  or  two  fruits,  when 
the  little  apples  are  the  size  of  walnuts.     See  Fig.  No.  10. 

GRAFTING. 

Grafting  is  a  very  simple  operation  and  anyone  can  succeed  with  it 
by  using  ordinary  pains  and  care.  There  are  a  number  of  different  meth- 
ods of  grafting,  but  the  ones  that  interest  the  apple  growers  are  the  whip 
or  root  graft,  and  the  cleft  aud  side  graft.  Cleft  grafiing  is  the  method 
used  for  large  trees  where  the  limbs  are  three-fourths  of  an  inch  and 
more  in  diameter.  See  Fig.  11.  P'or  smaller  limbs  use  the  whip  grafts 
upon  the  top  of  the  tree  just  the  same  as  for  making  root  grafts,  and  wrap 
them  with  strips  of  cloth.  In  grafting  a  tree  select  the  branches  for 
grafting  that  are  as  erect  as  possible,  for  if  horizontal  branches  are  used 
the  grafts  will  grow  erect  and  make  an  ill  shapen  tree.  See  Fig.  No.  12. 
Cut  the  branches  off  sijuare  and  S{)lit  the  stub  with  an  ordinary  grafting 
chisel  just  enough  to  insert  the  scions  on  the  outer  edge  so  that  the  bark 
of  the  graft  will  come  in  contact  or  cross  the  bark  of  the  limb  in  which 
the  graft  is  set.  These  grafts  should  be  from  four  to  five  inches  long 
containing  three  or  four  buds.  Cut  the  graft  wedge  shape  with  the  edge 
entering  the  limb  the  thinnist  so  that  the  pressure  of  the  split  will  hold 
it  in  place. 

Be  sure  and  have  one  bud  on  the  lower  end  of  the  graft  so  as  to  come 
under  the  wax.  In  limbs  an  inch  or  more  in  diameter  it  is  a  good  plan 
to  insert  a  graft  upon  each  side  and  then  if  both  live,  the  weakest  one  can 
be  cut  off.  After  the  grafts  are  set  the  whole  cut  surface  of  the  limbs 
and  the  opening  caused  bv  the  splitting  of  the  limbs  should  be  carefully 
covered  with  grafting  wax.  The  grafts  should  be  well  ripened  wood  of 
the  present  year's  growth.  The  side  graft  can  be  used  upon  young  trees 
that  have  been  headed  too  high  and  we  wish  to  have  limbs  lower  down  on 
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the  triuik.  See  Figs.  13  and  14.  It  is  done  by  ciittiii!^  a  siit  in  the  trunk 
where  \vc  want  the  limb  and  then  cnttini;-  n  \\e<l;jc  fbaped  graft  to  fit  the 
opening  in  the  ti'iink  and  carefully  bindiu,:^-  I  lie  gi-sfi  in  place  by  waxed 
cotton  and  covering  the  whole  exposed  Mirtacc  Avilh  grafting  wax.  The 
scion  should  lie  fi-oni  tijree  to  four  inches  lung. 

Top  grating  or  top  working  is  a  method  used  where  all  of  the  top  of 
the  tree  is  removed  and  gniftid  to  some  other  sort.  This  method  is  used 
upon  young  trees  from  two  to  live  years  old.  The  whip  graft  method 
is  the  best  one  to  use,  but  very  satisfactory  results  can  be  had  by  using 
the  side  graft  as  will  be  seen  by  illustration  from  Mr.  Chas.  Sweet's  or- 
chard, Swanton,  IVId.  See  Figs.  13  and  15.  On  young  trees  it  is  possible- 
to  use  both  the  whip  graft  ami  the  cleft  graft  methods  to  good  results. 
After  the  tree  becomes  older  it  is  not  a  good  plan  to  remove  all  the  top 
at  once,  but  only  part  of  it  one  season  and  the  balance  the  next  season, 
and  gradually  remove  the  limbs  that  are  not  wanted  until  a  new^  top  is 
formed,  for  it  will  be  too  much  of  a  shock  to  an  old  tree  to  remove  the- 
whole  top  during  one  season. 

GRAFTING  WAX. 

There  are  a  number  of  different  kinds  of  waxes  used,  but  the  follow- 
ing one  will  be  found  good  for  all  purposes.  Resin  4  parts  by  weight,, 
beeswax  3  parts,  tallow  1  part.  It  is  made  as  follows;  Break  the  ma- 
terial up  into  small  pieces  and  melt  together,  and  when  all  melted  and 
very  hot  pour  into  a  jiail  of  cold  wafer  and  then  pull  and  work  over  until 
it  becomes  tough  and  gets  a  grain."  It  is  then  ready  too  use  and  should 
be  applied  to  the  tree  in  a  warm  gtate  so  that  it  will  handle  well.  The 
hands  should  be  kept  well  greased. 

ROOT-GRAFTING. 

Apple  trees  at  the  present  time  are  nearly  all  propagated  by  using 
root-grafting,  sometimes  known  as  the  whip  or  tongue  method  of  grafting. 
In  making  root-gi'af ts,  the  stock  or  part  that  forms  the  root  is  a  small 
one-year  seedling  grown  from  apple  seed.  These  stocks  can  be  had  from 
any  leading  nurserymen.  The  scion  is  the  part  that  forms  the  top. 
It  should  be  well  ripened,  one-year  old  wood  of  the  variety  from  which 
we  want  to  obtain  trees.  In  making  the  root-grafts,  both  the  scion  and 
the  stocks  are  cut  across  diagonally  with  a  long  slanting  cut,  the  cut  sur- 
face extending  from  three-fourths  to  one  and  one-half  inches  according  to 
size  of  parts.  A  vertical  cut  is  then  made  in  the  cut  surface  of  both  the 
stock  and  the  scion  and  the  two  are  joined  together  by  shoving  the  tongue 
of  the  scion  into  the  cleft  of  the  stock.  This  method  can  be  much  better 
understood  by  noting  the  illustration  under  figures  number  ]  6  and  17. 
In  making  the  grafts  care  should  be  taken  to  have  both  the  stock  and 
scion  as  near  the  same  size  as  possible,  so  as  to  have  the  edges  of  the  bark 
come  close  together.  The  parts  of  the  grafts  are  held  in  place  by  some 
soft  bandiiges  thiit  will  soon  deejiv,  such  as  sti-ips  of  j)apei'  covered  on  one 
side  with  grafting  m'ux.  oi-  balls  of  white  (l;ii-uing  cotton  soaked  for  fif- 
teen minutes  in  hot  grafting  wax.  The  two  parts  of  the  graft  are  held  irb 
place  by  winding  them  five  or  six  times  with  this  waxed  cotton.  This 
cotton  is  strong  enough  to  hold  the  parts  of  the  graft  together  until  they 
have  united.    The  time  for  making  the  grafts  is  during  the  winter  fron* 
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.  January  to  March.  When  made,  the  grafts  are  tied  in  bundles  and  pack- 
•  ed  in  damp  moss  or  sawdust  and  put  in  a  cool  place  until  spring. 

If  well  made  there  will  be  no  trouble  in  having  the  two  parts  callous- 
'  ed  together.    Whole  root  grafts  are  those  in   which  the  union  is  made  at 
■  crown  of  tlie  stock  so  as  to  have  the  whole  root  or  stock.    This  kind  of  a 
graft  is  very  seldom  made  though  fre(juently  advertised  to  be  so.  The 
•common  method  is  to  make  what  is  known  as  "piece  root-grafts, "  in 
wiiich  the  root  of  the  stock  is  cut  up  into  pieces  from  three  to  four  inches 
long,  and  a  scion  grafted  u])on  each  of  these  pieces.    The  scion  should 
contain  at  least  three  or  four  buds  and  be  four  or  five  inches  long.  This 
makes  the  whole  graft  from  seven  to  ten  inches  long.    Apple  can  also  be 
■'■very  successfully  budded  during  the  month  of  August. 

HOW  TO  IMPROVE  VARIETIES. 

This  is  a  very  important  question  and  should  be  given  much  more 
consideration  by  apple  growers  than  it  is  at  present  receiving.  There  are 
.■several  points  to  be  discussed  under  this  heading,  and  in  the  tirst  place 
/consider  the  question  of  varieties  from  other  sections.  There  is  always 
.-a  tendency  to  get  the  varieties  that  are  successful  in  some  other  sections 
•especially  from  the  leading  apple  districts  of  the  North  and  West.  In 
nearly  every  orchard  in  this  State  is  seen  evidence  of  this  method  of  secur- 
•'ing  varieties,  for  few  of  those  from  dist-ant  sections  are  successful  in  this 
.  State.  It  is  useless  to  plant  for  commercial  purposes  such  varieties  as 
Baldwins,  Greenings,  Northern  Spy,  Thompkins  King,  etc.,  for  they 
■will  not  succeed.  The  season  is  too  short  and  the  soil,  and  climatic  con- 
editions  are  not  to  their  liking.  What  is  true  of  the  varieties  mentioned 
■is  true  of  practically  all  others  from  the  north  and  .vest.  There  is  some 
■-times  a  chance  of  obtaining  valuable  varieties  from  sections  having  as 
nearly  the  same  climatic  and  soil  conditions  as  our  own  State.  But  our 
principal  success  for  obtaining  new  and  improved  varieties  is  in  selecting. 


FIGURE -20.   American  Summer  Fruit,  (original) 


FIGUEE20.  American  Summer  Tree.  (;original) 
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improving,  uiul  (Ii,^!-eminating  the  native  seecilinofs  of  whicli  there  are  very 
many  ])roniising  ones.  'i"he  soct inns  in  wliich  these  locaJ  Ports  succeed 
must  l)e  (Ictri  niincd,  and  tliey  must  l)e  named  and  jironagated  so  that  they 
can  be  l}ad  bv  every  one  who  wants  them  for  ])lauting.  The  (|uestion  of 
the  extent  oF  territory  over  which  a  variety  is  successful,  is  also  an  im- 
portant oue,  for  v/e  lind  vi.-ry  few  cosmopolitan  varieties.  Because  a  va- 
riety is  a  success  in  the  Blue  Eidge  Mountains  does  not  indicate  it  as  be- 
iug'a  success  in  the  Eastern  part  of  our  State.  A  variety  Jiuiy  be  very 
successful  ill  one  )ieighljorhood  and  a  total  failure  a  few  miles  distant. 
This  (juestion  of  selecting  varieties  adapted  to  your  section  should  be  giv- 
en very  careful  consideration  for  it  is  one  of  the  fundamental  points  of 
successful  apple  culture. 

Description  of  varieties  of  apples  grown  on  (he  Maryland  StatioD 
grounds.  This  list  is  given  in  order  of  ripening  uiider  the  head  of  sum- 
mer, fall  and  winter  varieties. 

EARLY  SUMMER  VARIETIEg. 

Yellow  Transparent.  Tree  small,  erect,  ai)d  a  very  slov,  grower,  a 
very  early  and  prolific  bearer;  fruit  small  to  medium;  nmndish;  color 
light  whitish  yellow,  with  a.  slight  splash  of  russet  around  the  stem;  skin 
very  smooth,  and  tough;  cavity  bi-oad  and  deep;  basin  broad  and  medium 
shallow;  stem  long  aud  heavy;  tlesh  whitish  yellow,  crisp,  tender,  and 
juicy;  flavor  subacid,  pleasant;  season  last  of  June  and  first  of  July.  This 
variety  conies  into  bearing  very  young,  freiiuently  bearing  some  fruit  the 
second  or  third  vear  after  setting  in  orchard.  It  does  well  in  this  State, 
and  should  be  extensively  planted  for  home  use. 

2.  Carolina  Eed  June.  (Eed  June,  Blush  June).  Tree  strong  and 
vigorous,  very  erect  in  habit  of  growth.   Fruit  small,  oblong;  color  green- 


FFGURESl.   Chenango  Strawberry  Fruit,  (original) 
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ish  almost  covered  with  full  deep  red,  minute  white  specks  around  apex; 
stem  medium  long;  cavity  narrow  and  deep;  basin  very  shallow  and  broad 
almost  wanting;  sk'in  tough;  flesh  greenish  white,  tender,  rather  buttery, 
flavor  subacid  only  fair;  tree  productive;  very  early  bearer;  season  of 
ripening  last  of  June  and  first  of  July.  A  variety  that  has  little  to 
recommend  it  for  general  planting  in  this  State. 

3.  Early  Ripe.  Tree  strong,  vigorous,  medium  erect,  a  handsome 
grower;  fruit  medium  sized,  round,  oblate,  flattened  at  ends;  color  yel- 
lowish, has  a  rusty  pot  around  stem;  cavity  broad  rather  deep;  basin  broad 
and  \erv  shallow;  stem  short  and  stout;  flesh  yellowish  white;  firm;  crisp; 
flavor  rich,  subacid,  very  good.  Season  July  first  to  fifteenth,  tree  a  pro- 
lific bearer.  A  very  valuable  early  apjde  for  both  home  and  market  pur- 
poses. Tliis  sort  is  at  home  in  this  State  and  should  be  more  largely 
planted. 

4.  Early  Harvest.  (Yellow  harvest,  Prince's  Harvest,  July  Pippin..) 
Tree  a  vigorous  and  spreading  sort;  fruit  medium  to  large,  round  some- 
what oblate,  color  a  bright  waxy  yellow  with  slight  russety  spot  around 
the  base,  skin  tough,  stalks  short  and  slender;  cavity  broad  and  rather 
deep;  basin  broad  and  rather  shallow;  flesh  yellowish  white;  tender,  crisp, 
and  juicy;  flavor  slightly  acid  very  pleasant.  This  is  an  old  and  popular 
sort  from  the  Northern  apple  sections  and  where  it  does  well  it  is  fine  for 
the  home  garden. 

5.  Eed  Astrachan.  Tree  very  strong,  hardy,  and  vigorouos,  medium 
spreading,  making  a  very  handsome  shaped  tree;  fruit  medium  to  large, 
roundish  oblate,  color  yellowish  white  almost  covered  with  handsome 
bright  red  and  entirely  covered  with  a  very  pronounced  beautiful  bloom, 
skin  smooth;  basin  broad  and  shallow;  cavity  broad  and  deep;  stalk  very 
short;  flesh  creamy  white,  tender,  crisp  and  juicy,  flavor  acid,  very  pleas- 


FIGUKE        Bailey's  Sweet  Fruit,  (original) 
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ant,  a  fine  cooking  apple.  Season  July  first  to  fifteenth.  This  is  another 
old  popular  sort  from  the  northern  fruit  districts  and  succeeds  well  here, 

6.  American  Summer.  Tree  small  to  medium,  rather  a  weak  grow- 
er; fruit  roundish,  slightly  conical,  somewhat  inclined  to  be  one  sided  in 
shape;  color  greenish  yellow  with  dull  reddish  brown  cheek,  the  surface 
of  the  skin  covered  with  small  yellowish  white  specks,  skin  r.nther  rough 

;and  giving  a  very  poor  appearance  to  the  fruit;  basin  shallow  and  broad; 

-cavity  broad  and  deep;  stem  slender  three  fourth  to  one  inch  long;  flesh 

■  creamy  white,  very  tender,  crisp,  and  juicy  until  very  ripe  when  it  be- 
comes mealy;  flavor  subacid,  rich,  excellent,  one  of  the  best  in  its  season; 

;6eason  last  of  July  to  first  of  August;  a  productive  sort,  and  one  of  espec- 
ial value  for  home  use,  but.the  fruit  lacks  color  and  appearance  to  make 
a  profitable  market  growing.    See  Fig.  20. 

7.  Chenango  Strawberry.  (Frank  Buckley,  Jackson,  Sherwood's 
Favorite. )  Tree  very  large  and  strong  grower,  erect  and  productive;  fruit 
medium  to  large,  round,  long,  conical ;  color  yellowish  white,  striped  and 
splashed  with  red,  skin  smooth  and  waxy,  making  an  apple  of  very  hand- 
some ap})earance;  flesh  white,  tender,  juicy,  flavor  slightly  acid  of  only 
fair  quality;  basin  broad  and  shallow;  cavity  narrow  and  deep;  stem  about 
one  half  inch  long;  season  from  last  of  July  to  first  of  August.  A  prom- 
ising sort  for  commercial  growing.    See  Fig  21. 

8.  Benoni.  Tree  small,  compact  grower,  erect;  fruit  small  to  med- 
ium, roundish  and  somewhat  conical;  color  yellowish  with  reddish  stripes 
and  splashes  over  surface;  skin  smooth  and  tender;  basin  broad  and  shal- 
low, cavity  narrow  and  deep;  stalk  short,  one-half  inch  long;  flesh  yellow- 
ish, very  tender,  juicy  sub-acid,  rich,  melting;  very  high  quality;  season 
last  of  July  to  first  of  August.  This  sort  is  usually  not  very  productive, 
ibut  where  it  succeeds,  it  is  one  of  the  choicest  sorts  for  the  home  garden. 


FIGURK  t.\.  Jefftries  Fruit,   (origina  ) 
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LATE  SUMMER  AND  FALL  VARIETIES. 

No.  9.  Bailey's  Sweef.  ( Patterson'^  SweeK  Edgerly  Sweet, ).  Tree 
a  small,  slow  grovver.  imt  haidy  and  vigoi'ous,  i-allier  spreading;  fruit 
large  to  very  lai'ge,  roiiml  ovate;  colof  yellowish  green  almost  covered  with 
indistinct  red  strijies  and  s])lashe?,   minute  white  .-])ecks  ovei'  surface, 

■  coloring  much  heavit-r  ar  l)ase;l)asin  shallow  and  luoad,  cavity  narrow 
.and  medium  deeji;  stalk  one  half  to  three  fourths  of  an  inch  lung;  a  very' 

handsome  apjile;  llesh  greenish   white,  lirm.   tender;  Havoi-,  sweet,  ])leas- 

■  unt;  a  vei'y  pr(>dncti\e  surt,  ripi  ning  from  the  middle  of  August  to  the 
first  of  Se])temlif'i-.  An  esjircially  line  summer  sweet  apple  for  home  gar- 
den.   See  Fig.  2'i. 

10.  Gravenstein.  Tree  hardy,  strong,  and  vigorous,  fruit  medium 
to  large,  mundish  somewhat  oMate;  color  yellowish,  striped  and  splashed.-- 
with  red;  tlesh  yellowish  white,  tender,  crisp,  and  juicy;  flavor  slightly 
acid,  very  pleasant.  High  ipiality;  season  latter  part  of  July  and  first  of 
August  It  has  not  heen  jiroductive  with  us  here,  hut  in  many  sectioais 
of  the  State,  it  is  (|uite  productive.  It  should  he  included  in  every  home' 
^orchard. 

'11.  Jefferies.  Tree  a  large  strong  grower,  inedium  erect;  fruit 
Tnedium  to  large,  round  oblate,  color  yellowish  white,  striped  and  splash- 
ed with  red  when  exposed  to  the  sun  nearly  a  full  red  side,  brownish  dots 
-over  the  surface  of  skin;  skin  slightly  rough  and  tender;  tlesh  yellowish 
white,  tender,  crisp  and  juicy ;  flavor  subacid,  very  rich,  and  apple  of  very 
('high  (piality  and  exceedingly  pleasant  to  eat  out  of  hand;  basin  broad  and 
;^hallow;  cavity  narrow  and  dt^ep;  season  first  to  middle  of  August;  a  pro- 
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ductive  sort.  This  is  an  especially  fine  variety  for  desert  purposes 
and  should  be  in  every  home  garden  and  commercial  orchard  for  it  is- 
at  home  in  this  State.    See  Fig.  23. 

12.  Summer  "Ram  bo.  (Western  Beauty).  Tree  very  hardy,  vigor- 
ous, and  medium  erect;  fruit  large  to  very  large,  round  flattened;  color 
yellowish  white  shaded  with  bright  red ;  liasiu  very  broad  and  shallow;, 
cavity  medium  broad  and  deep;  flesh  yellowish  white,  very  tender,  crisp, 
juicy;  flavor  sub-acid,  very  pleasant;  season  last  of  August  to  first  of 
September.   An  old  sort  but  not  very  prolific  in  this  section. 

1 3.  Maryland  Maiden  Blush.  Tree  a  strong  vigorous  grower,  rath-^ 
er  spreading;  fruit  round  oblate,  medium  to  large;  color  creamy  white- 
with  a  very  delicate  red  cheek,  skin  very  smooth  and  tender,  cavity  wide- 
and  deep;  basin  broad  and  shallow;  flesh  creamy  white,  tender,  crisp,  and 
juicy;  very  fine  grained;  flavor  sub-acid,  melting,  very  pleasant,  one  of 
the  best  in  its  season,  season  last  of  August  and  first  of  July.  This  is  an 
old  variety  and  is  at  home  in  this  State,  but  is  usually  lacking  in  produc- 
tiveness, but  on  account  of  its  excellent  qualities,  it  should  b^  included  in 
the  home  garden.    See  Eig.  24. 

14.  Fall  Pippin.  Tree  a  strong  and  vigorous  grower,  of  "s^Jrekding 
habit,  very  compact;  fruit  large  to  very  large,  roundish  oblong;  color  ai 
deep  handsome  yellow  when  fully  ripe,  skin  very  delicate,  smooth  and 
waxy;  flesh  yellowish  Avhite,  very  tender,  juicy;  flavor  sub-acid,  rich, 
melting,  very  pleasant,  basin  deep  and  very  broad;  cavity  narrow  and 
deep;  season  first  to  middle  of  September.  A  variety  that  is  native  of  the 
north  and  not  productive  enough  for  planting  in  this  State. 


KIGUKK  z.5.  Grimes  G  .Iden  Fruit,  (original) 
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15.  Buckingham.  (Barhlor,  Equiiietel}',  Kentucky  Qiieeu).  Tree 
erect,  rather  a  ])oor  grower;  fruit  large  to  very  large,  rouud  somewhat 
flattened;  color  greenish  yellow  nearly  covered  with  red  stripes  and 
splashes;  basin  broad  and  deep;  cavity  broad  and  deep;  stalk  stout;  flesh 
yellowish  white,  tender,  juicy,  and  crisp:  flavor  slightly  acid,  high 
quality,  very  pleasant ;  season  Sejjteniher.  A  very  productive  sort  and 
one  that  should  be  more  geiierailv  jilanted  foi'  eai-ly  fall  use. 

1(1.  Winter  Kainbo.  Tree  large,  stmng,  and  vigorous,  medium 
erect;  fruit  medium,  I'ound,  flattened:  color  giveni<h  yeili>\\,  .-triped  and 
splashed  with  dull  i-ed  :  stalk  one  half  to  three  fdurths  inch  long;  flesh 
white,  tender,  and  juicy  :  tlavor  suii-ncid,  fail- :  season  first  of  October.  The 
fruit  is  of  very  poor  appearance,  ami  soon  after  I'ipening  beconu^s  dry  and 
mealy.  A  very  productive  >ort  but  not  ])rofitable  for  jdanting  when  we 
have  so  nuiny  other  varieties  that  are  better. 

LATE  FALL  AND  WINTER. 

17.  Grimes  Golden.  Tree  somewhat  spi-eading,  fairly  hardy  and 
vigorous,  fruit;  medium  to  large,  roundish  oblong;  color  handsome  pale 
yellow  Avhen  fully  i-ipe;  llt  -  h  yellow  isli  white,  fine  gi-ained.  tender,  juicy;' 
"flavor  sub-acid,  vich:  a  ]ileHsant  a|iple  of  very  high  quality;  basin  broad 
and  deep;  cavity  deep;  season  Sejitembei'.  A  veiT  pi'oductive  variety  and 
one  that  is  thoroughly  at  home  in  this  State  and  should  be  extensively 
planted  for  both  home  use  and  commei'cial  grow  ing.  It  is  not  a  long 
keeper,  being  at  the  be>t  from  October  until  Ghristnuis  nnles>  placed  in 
cold  storage,  when  it  can  be  carried  until  .Tanuarv  or  Febiaiary.  Persons, 
in  the  Northern  and  Western  ])arts  of  the  State,  who  are  considering 
})lanting  an  apple  orc  hiir.',  should  gi ve  this  variety  careful  attention. 
See  Fig.  2'^. 

18.  Stark.  Tree  hardy,  vigorous,  medium  spreading;  fruit  medi- 
um to  large,  round  flattened,  color  greenish  yellow,  splashed  and  slightly 
striped  with  dull  red  upon  side  exposed  to  the  sun;  basin  broad  and  shal- 
low, cavity  broad  and  deep;  stalk  slender,  three  fourth  to  one  inch  long^ 
flesh  greenish  white,  coarsegrained,  juicy;  flavor  slightly  acid,  rather 
poor;  season  Sejitemljer  and  early  fall,  matures  too  early  to  have  commer- 
cial value  in  this  State,  and  laidss  ipiality  for  home  use.  Usually 
quite  i)roductive. 

10.  Kinnaird.  (  Kinnaird  Ghoicel  U'ree  a  strong,  vigorous  grower,, 
branches  very  slender  and  drooping;  fruit  round  oblate,  medium  size; 
color  vellowish  red,  becomes  a  deep  full  dark  red  when  exposed  to  the 
sun;  has  minute  brown  dots  over  the  surface  of  skin ;  flesh  yellowish 
white,  tender,  crisp,  juicy:  flavor  slightly  acid,  good,  very  pleasant;  a. 
verv  i)roduct  i  ve  sort,  long  keeper,  and  eaidy  bearer.  A  very  promising- 
ajiple  of  Southern  origin.     See  Fig. 

2(t.  Smoke-house.  Tree  a  strong,  hardy  and  vigorous  one,  fruit 
medium,  round  oblate;  color  yellou  isli  white  slightly  striped  and  splashed 
with  red;  flesh  yellowish,  tender,  juicy;  flavor,  sub-acid,  rich,  a  very  pro- 
ductive sort,  not  a  long  keeper;  fruit  at  its  best  during  late  fall  and  early 
winter.  Its  srood  size  and  handsome  appearance  make  it  a  popular  sort, 
succceeds  well  in  this  State. 
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21.  Luugford  Seedling.  Tree  not  hardy  and  vigorous  with  us; 
fruit  medium  to  large,  I'ouml  oblong,  somewhat  flattened  at  ends,  color 
yellowish  nearly  covered  witii  full  deep  red;  basin  broad  and  deep,  cavity 
narrow  and  deep;  flesh  yellowish  white,  tender,  juicy;  flavor  sub-acid, 
pleasant;  a  productive  and  long  keeping  variety.  A  native  of  this  State 
and  succeeds  well  in  southern  and  eastern  sections. 

22.  Stayman's  Winesap.  Noted  from  Mr.  J.  W.  Harris's  orchard, 
Coleman,  Md.  Tree  vigorous  and  hardy  of  the  winesap  type;  fruit  med- 
ium, roundish  and  somewhat  conical ;  color,  yellowish,  almost  covered 
with  two  shades  of  alternating  stripes  of  red,  skin  smooth;  flesh  white, 
tender,  crisp,  juicy;  flavor  sub-acid, very  good;  a  long  keeper.  On  account 
of  its  bright  red  color,  good  size,  and  high  quality,  this  sort  should  be 
extensively  planted.  It  is  at  home  in  this  State  and  especially  upon  the 
higher  lands  of  the  tide-wat^r  region.  Mr.  J.  W.  Kerr  the  veteran  nurs- 
eryman, says  of  this  sort,  "Its  quality  is  equal  to  that  of  any  other  apple 
with  which  I  am  familiar,  and  superior  to  ninety-flve  per  cent  of  them. " 

23.  York  Imperial.  (Johnson  Fiue  Winter).  Noted  from  the 
orchard  of  Mr.  S.  S.  Stouffer  of  Sharpsburg,  Md.  Tree  a  large  strong 
grower,  rather  erect;  fruit  medium  to  large,  round  oblong,  usually  lop- 
sided; color  yellowish  shading  to  red,  and  covered  with  indistinct  red 
stripes,  skin  smooth,  tough,  covered  with  rather  prominent  yellowish 
brown  dots;  cavity  deep  and  rather  narrow;  basin  broad  and  deep;  stalk 
very  short;  flesh  yellowish  white,  firm,  juicy ;  flavor  sub-acid,  good  but  not 
of  high  quality.  A  long  keeper  and  the  fruit  is  not  at  its  prime  until 
the  latter  part  of  winter  and  ispring;  tree  very  productive,  one  of  the  lead- 


UE  27.   York  Imperial  Fruit,  (original) 
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ing  commercial  varieties  of  the  State.  This  sort  has  good  color,  fine  ship- 
ping and  handling  qualities.    See  Fig.  27. 

24.  Smith's  Cider.  Noted  from  same  orchard  as  formei-.  Tree  a 
strong  hardy  grower,  erect;  fruit  medium,  roundish  oblong  with  ends 
somewhat  flattened;  color  a  greenish  yellow,  striped  and  shaded  with  red, 
and  when  well  exposed  to  the  sun,  l)ecomes  a  very  handsome  apple.  Skin 
smooth,  tough,  covered  with  very  minute  whitish  dots;  cavity  deep  and 
narrow,  basin  broad  and  shallow;  stalk  long  and  slender,  flesh  whitish, 
tender,  crisp,  juicy  flavor;  sub-acid,  very  pleasant;  a  long  keeper,  but  it  is 
at  its  prime  dui'ing  late  fall  and  early  winter,  for  after  middle  of  winter 
it  looses  its  flavor  and  becomes  somewhat  mealy ;  it  is  very  productive 
and  a  leading  commercial  variety  for  this  State.    See  Fig.  28. 

25.  Fallawater.  (Tolpahacken,  Farniwalder).  Tree  a  strong  hardy 
grower;  fruit  large  to  very  large;  roundish  and  somewhat  conical ;  color 
greenish  yellow,  with  a  dull  red  side  when  exposed  to  the  sun,  skin  smooth, 
with  a  few  very  prominent  whitish  dots;  stalk  slender;  cavity  narrow  and 
deep;  basin  small  and  shallow  ;  flesh  greenish  white,  tender;  flavor  sub-acid, 
good.  Not  a  long  keeper  and  the  fruit  is  at  its  prime  during  fall  and  early 
winter.  This  variety  succeeds  well  in  this  State  and  the  large  size  and 
good  appearance  of  fruit  make  it  popular  for  both  home  and  commercial 
growing. 

List  of  varieties  recommended^for  planting  in  Maryland  for  home 
orchard,'    Early  Summer  varietiesT    Yellow  Transparennt,  Early  Ripe, 
.  American  Summer,  Benoni< 


FIGURE  28.   Smiths  Cider  Fruit,  (original) 
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Late  summer  and  fall  varieties:  Bailey's  Sweet,  Grawnsteius,  Jeffer- 
ies,  Maryland  Maiden  Blush,  Buckingham. 

Late  fall  and  winter  varieties:  Grimes  Golden,  Kinnaird,  Smoke- 
house,  Stayman's  Winesap,  Smith's  Cider,  Fallawater,   York  Imperial. 

Commercial  orchard. 

Early  summer  varieties:  Yellow  transparent,  Early  Kipc  Chenango 
Strawberry,  Benoni. 

Late  summer  and  fall  vandies:  (iraveustein,  .Tefferies,  Buckingham. 

Late  fall  and  winter  varieties:  Grimes  Golden,  Stayman's  Wincsaj', 
Smith's  Cider,  York  Imperial. 

The  Horticultural  Departmnt  will  be  glad  to  receive  scions  of  prom- 
ising new  varieties  for  testing. 


♦PhiiiiigiapliRr.il  llijures  twenty  seven  and  ..wcnty  eight  \\(ro  taken  from  orchard 'T  M  r 
S.  S.  Sioijff.-r,  SliHrpslMirg. 


THE  MARYLAND 

AGRICULTURAL  EXPERIMENT  STATION. 


Bulletin  No.  93.  flay,  1904. 


SECOND  REPORT  ON  THE  OAUSE  OF  PITHINESS 
IN  CELERY. 


By  0.  F.  AusTiK  and  Thomas  H.  White. 


INTEODUCTION. 

For  a  unniber  of  years  the  Experiment  Station  has  been  doing  a  con- 
siderable work  with  celery  to  determine,  if  possible,  the  cause  of 
pithiness.  A  preliminary  report  of  this  work,  together  with  the  general 
notes  on  celery  culture,  wa.s  i)nblished  as  bulletin  No.  83  by  Prof.  E.  P. 
Sandsten  and  Thomas  H.  White.  Copies  of  this  bulletin  are  still  avail- 
able and  should  be  read  in  connection  with  the  present  report.  During 
the  past  two  seasons  further  work  has  been  done  with  this  sulijectand  the 
results  are  given  in  the  following  pages. 

The  work  for  season  of  1902  was  along  lines  already  indicated  in  the 
"First  Report. "  The  seed  was  selected  from  six  of  the  leading  seed  firms  in 
this  country  and  Europe.  One  set  of  plants  was  grown  in  rows,  see  table 
1,  and  one  set  grown  in  solid  beds,  see  table  II.  The  plants  grown  in  the 
rows  were  started  in  the  forcing  house,  seed  sown  March  third,  plants 
pricked  out  into  cold  frame  April  20th,  and  set  out  into  the  field  June 
80th. 

The  plants  for  the  bed  were  sown  out  of  doors  March  22nd.,  and 
W  hen  well  started  they  were  thinned  out  to  two  inches  apart.  The 
plants  were  set  in  the  "solid  beds  July  19th.  The  location  of  the  celery 
beds  was  upon  a  plot  of  flat  land  which  was  in  a  very  good  state  of  fer- 
tility. The  soil  was  rather  heavy  containing  a  good  per  cent  of  clay  and 
gravel. 

Before  discussing  the  results  given  in  tables  1  and  II,  we  wish  to 
call  attention  to  the  following: 

First.  Practically  all  of  our  work  has  been  done  with  the  variety 
known  as  Golden  Self  Blanching,  where  other  varieties  have  been  used,  the 
names  have  been  given.  We  have  used  the  Golden  Self  Blanching  because 
it  is  the  variety  largely  grown  by  our  truckers  in  Maryland.  It  also 
represents  the  type  of  varieties  that  have  been  bred  up  to  a  high  state  of 
perfection. 

Second.  A  stalk  has  not  been  counted  pithy  unless  the  whole  stalk, 
the  heart  as  well  as  the  outer  part,  has  been  pithy.  When  the  three  oi' 
four  outer  stems  have  been  somewhat  pithy  and  the  heart  solid,  the  stalk 
has  been  counted  as  solid. 
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Third.  In  this  report  we  have  kept  an  account  of  the  number  of 
green  plants  and  in  the  tables  have  pnt  them  under  the  heading  of 
"Number  of  green  plants. "  Under  this  head  has  been  put  all  plants 
that  come  fully  green  and  do  not  conform  to  the  type  of  the  Golden  Self 
Blanching  variety.  In  a  few  instances  the  green  plants  have  been  a  mixt- 
ure of  some  of  the  other  varieties  as  White  Plume,  etc.  Almost  invar- 
iably these  green  sorts  have  been  large  green  coarse  growing  plants  which 
do  not  conform  to  the  types  of  any  of  our  varieties  of  cultivated  celery. 
They  seem  to  be  a  degenerate  form  of  the  type  and  the  first  steps  in  the 
reversion  to  the  wild  species.  These  jilants  are  as  objectionable  or  even 
more  so  than  a  pithy  stalk  which  does  conform  to  the  type. 


TABLE  I. 
Plants  set  in  rows  season  1902. 


Variety. 

Seeds- 
man. 

No. 

Plants 
set. 

No. 
Plants 
harvest'd 

No. 
Plants 
Pithy. 

No. 
Plants 
Green. 

Per  Cent 
Pithy. 

Per  Cent 
Greer. 

Golden  Sell 
Blanching 

As 
American 

Bs 
American 

C's 
American 

D's 
American 

E's 
French 

100 
93 
C8 
37 

100 

100 
93 
68 
37 

100 

15 
2 
1 
0 
0 

1 

0 
3 
0 
0 

15 

2.15 
1.4 

0 

1 

0 

4.4 

0 

0 

TABLE  II. 
Plants  set  in  beds.    Season  1902. 

Variety. 

Seedsman 

No. 

No. 

No. 

No. 

Per  Cent 

Per  Cent 

Plants 

Plants 

Plants 

Plants 

Pithy. 

Greer. 

Set. 

harvest'd 

Pithy. 

Green. 

Golden  Self 

As 

Blanching 

American 

65 

63 

5 

0 

7.6 

0 

B'B 

American 

50 

50 

0 

0 

0 

0 

C's 

American 

20 

20 

1 

2 

5 

10  . 

E's 

French 

60 

60 

0 

0 

0 

0 

*F8 

German 

100 

100 

50 

0 

50 

0 

White 

E's 

Plume 

French 

100 

100 

0 

0 

0 

0 

F's  seed  was  from  a  leading  firm  in  Germany.  The  seed  arrived  too 
late  to  be  ])lanted  in  the  early  lot  in  rows,  but  one  hundred  plants  were 
])ut  into  the  beds.  This  was  very  jjoor  seed  and  shoM'ed  scarcely  any  of  the 
characteristics  of  the  Golden  Selif  Blunchino  stock  from  Velmorin-Andruex 
&  Co.,  of  Paris. 
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The  color  of  leaf  stalks  ami  foliage  was  more  green  than  yellow,  anU 
the  plants  resembled  vei'v  closely  in  every  detail,  the  plants  we  raised  here 
at  the  Station  grounds  from  seeci  of  a  j)ithy  stalk  of  Golden  Self  Blanching, 
The  firm  made  tlis  following  rei)ort  as  to  where  they  got  the  seed.  "The 
S3ed  has  been  grown  for  us  in  the  northern  part  of  France  se])arately, 
on  a  field  along-side  of  "Best  Egyptian  Flat  Dark  Red." 

A  careful  study  of  tables  1  and  II  will  show  that  the  different 
methods  of  growth  made  no  great  difference  in  the  amount  of  pithiness 
of  the  American  seed,  while  the  French  seed  is  as  usual  free.  In  table 
II  is  a  sample  of  the  P'reii'jh  seed  of  both  Golden  Self  Blanching  and 
White  IMiune.  The  condition  under  which  the  plants  were  grown  does 
not  seem  to  affect  this  cause.  Our  former  work  gave  many  indications 
that  ijithiness  was  the  beginning  of  the  breaking  down  of  the  type  and 
of  the  revertion  to  the  wild  state.  To  test  this  farther  some  seed  was 
saved  from  both  pithy  and  solid  stalks  Avith  the  following  results. 

A  typical  stalk  of  the  Golden  Self  Blanching  variety  that  was  com- 
pletely jiithy  was  secured  and  seed  raised  from  it  during  the  season  of 
1001.  The  seed  was  sown  in  the  spring  of  1902  and  hantlled  just  the 
Siin.e  as  the  ])lants  in  the  rows.  From  this  seed  twelve  j^lants  were  raised 
and  in  the  fall  eve  y  plant  was  pithy  and  eleven  of  the  twelve  plants  de- 
veloped into  large  coarse  growing,  green  plants.  See  table  III.  Tho 
eleven  large  green  plants  gave  no  resemblance  whatever  to  the  type  of  tho 
Golden  Self  Blanching  celery  from  which  the  seed  was  taken,  During 
the  same  year  seed  was  saved  "from  a  solid  stalk  and  from  a  pithy  stalk  of 
Dwarf  Golden  Heart.  From  the  seed  of  the  solid  stalk  fourteen  plants 
were  started  and  twelve  harvested.  The  twelve  plants  were  true  to  the 
type  and  free  from  pithiness.  From  the  pithy  stalk,  tweiity  plants  were 
raised,  and  everyone  pithy.  They  showed  as  decided  reversion  of  type  as 
the  plants  froTi  the  pithy  seed  of  the  Golden  Self  Blanching  variety. 
Many  of  the  i)lants  from  the  i»ithy  seed  showed  the  fine  parsley  like  foli- 
jige  so  common  in  the  wild  species. 


TABLE  III. 

Plants  grown  from  pithy  and  solid  stalks.    Season  1902. 


Var'ety. 

Seedsman. 

No. 

No. 

No. 

No. 

plants  set 

plants 

Plants 

plants 

harvest'd 

Pithy. 

green. 

Goldtn  Self  Blacch 

Horticultural  De 

ing  seed  from  pithy 

partment  of  Md. 

Stalk   

Agr.  Exp.  Sta. 

12 

12 

12 

Goldtn    Heart,  seed 

from  solid  stalk  

14 

12 

0 

0 

D  of.  Golden  Heart, 

seed     from  pithy 

stalk  

20 

2Q 

20 

0 
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After  giving  this  matter  careful  study  there  seems  to  be  no  doubt  but 
that  pithiness  in  celery  is  due  to  the  parent  plant,  and  not  to  any  extent 
to  the  soil,  methods  of  culture  etc.  We  l)elieve  that  the  foregoing  results 
fully  .prove  the  inference  made  in  bulletin  83,  that  pithiness  in  American 
celery  is  due  to  a  lack  of  "rogueing"  or  removing  of  the  pithy  plants 
from  the  seed  beds  of  American  celery  seed  growers.  We  also  believe 
that  green  plants  that  are  not  true  to  the  type  are  caused  by  the  same 
oversight,  namely,  by  not  removing  from  the  seed  beds  every  plant  that 
does  not  conform  to  the  type  of  Golden  Self  Blanching  celery.  From  a 
very  small  amount  of  work  with  several  other  varieties  of  celery  we  are 
convinced  that  what  is  true  of  the  Golden  Self  Blanching  is  true  of  them. 
The  cause  of  pithiness  is  hereditary,  and  dates  back  to  the  seed  producing 
plant.  The  difference  in  soil,  cultivation,  season,  methods  of  handling, 
etc.,  has  very  little  to  do  with  causing  pithiness.  The  seed  is  contami- 
nated before  it  reaches  the  grower,  by  a  condition  that  he  cannot  help. 

The  work  for  the  season  of  1903  was  to  test  a  sample  of  Golden  Self 
Blanching  celery  seed,  both  French  and  American  grown,  from  as  large 
a  number  of  seedsmen  in  this  country  and  in  Europe  as  we  could  obtain 
the  seed.  The  seed  firms  were  asked  to  tell  us  whether  the  sample  of  seed 
was  French  or  American  grown  and,  if  possible,  to  send  a  sample  of 
each.  A  large  number  of  the  firms  followed  our  request  by  giving  as  far 
as  possible,  the  place  where  the  seed  was  grown.  We  have  placed  them 
in  tabular  form  just  as  given  us  as  French,  European,  American  or  Cali- 
fornia grown.  Some  firms  sent  seed  Init  did  not  answer  questions  and 
these  in  the  table  have  been  given  a  simple  dash.    See  table  IV. 
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Showing  the  Relative  Amount  of  Pithy  and  Green  Celery  Produced  from  Dif 
ferent  Sources. 

Golden  Self- Blanching  Vaiiety. 


Seedsman. 


Where  feed 
;  grown. 


J.  M.  Thorburn  &  Co. .. 

Henry   Phillips  Seed 

Implement  Co  

Hastings  Seed  Co  


and 


Vilmorin  Andrieur  &  Co., 

Paris  

James  Carter  &  Co.  (London) 

Livingston  Seed  Co  

Peter  Henderson  &  Co  

John  A.  Salzer  Co  

"Vaughn  Seed  Store  

J.  G.  H.  Gregory  &  Son  

Wm.  Rennie  Seed  Co.   

The  Storrs  &  Harrifon  Co  ... 

W.  W.  Rawson  Co  

Iowa  Seed  Co  

Ford  Seed  Co  

Henry  A.  Drecr    


L.  L.  Olde  Seed  Co.. 
R.  J.  Farquhar  Co.... 
H.  N.  Hammond  Co. 
J.  Steckler  Seed  Co. . 

D.  Landreth  Co  

T.  W.  Wood  &  Son . . 


France 

American 

France 

American 

European 

American 

France 
European 


California 
European 


Johnson  &  Stokes. 


Wm.  Henry  Maule  Co. 
Currie  Bros.  Co   


P.  V.  Burrells   

W.  At'ee  Burpee  Co. 


GriflBth  &  Turner. 


France 
France 


France 

France 

California 

France 

France 

France 

France 
American 
France 
American 

France 
California 

France 
American 


t2! 

o 
S'H. 


90 
100 
100 
100 
100 
100 

100 
50 
100 
100 
100 
100 
90 
100 
100 
90 
90 
90 
100 
100 
100 
100 
100 
90 
100 
100 


90 
70 
100 
100 
100 


S?  o 


65 
100 

77 
100 

91 

62 


100 
67 

83 


!? 

■o  ? 

no  ? 

90  5 

plant 
i«by. 

■  ■  " 

tr  ^ 

•5  Q 
a 

n 

a  ri 
■  t3 

m 

 I_ 

0 

0 

0 

0 

4 

t 

4.4 

1.1 

0 

0 

0 

0 

5 

7 

5.3 

7.6 

1 

1 

1.1 

1.1 

1 

10 

1.2 

11.7 

0 

0 

0 

0 

4 

1 

8.5 

2.1 

1 

1 

1.0 

l.Ol 

0 

4 

0 

4.1 

25 

1 

26.3 

1.4 

26 

2 

30.2 

2.3 

0 

0 

2.4 

0 

0 

0 

0 

1 

3 

1.07 

3.2 

0 

2 

0 

2.9 

0 

14 

0 

23.3 

1 

6 

1.5 

9.2 

0 

10 

0 

10 

3 

0 

3.8 

0 

5 

0 

5 

0 

0 

0 

0 

0 

15 

0 

24.3 

0 

13 

0 

15 

0 

0 

1 

0 

1.2 

6 

3 

6.8 

3.4 

1 

0 

1.2 

0 

0 

1 

0 

1.8 

11 

0 

20 

0 

0 

4 

6.4 

0 

0 

0 

0 

0 

? 

15 

0 

24.3 

2 

1.6 

8.2 

0 

0 

0 

0 

0 

1 

0 

1.4 

0 

6 

0 

7.2 

The  European  firms  sending  seed  were:  Velmorin-Andreux  &  Co., 
Paris  ,  France;  James  Carter  &  Co.,  London,  England  ;  Haage  &  Schmidt' 
Erfurt,  Prussia.  Velmorin-Andreiix  &  Go's  seeds,  as  in  all  previous 
tests  we  have  made,  was  absolutely  pure,  being  free  from  pithy  and  green 
stalks.  The  plants  from  James  Carter  &  Co.,  had  much  the  sam'e  ap- 
pearance as  did  the  plants  from  American  grown  seed  in  the  years  1899 
and  1900.  (See  Bulletin^No.  83.)  There  were  four  pithy  and.'one'green 
stalk  out  of  forty-seven  harvested.    Some  of  the  plants  had  thefparsley 
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like  foliage,  so  characteristic  of  the  jiithy  plants.  The  seed  from  liaage 
&  Schmidt,  arrived  too  late  to  go  in  the  test  fur  this  season. 

Keference  to  the  tahlc  and  to  Bulletin  83  will  show  that  the  per 
cent  (»f  pithv  stalks  in  American  grown  seed  is  very  much  less  the  past 
two  years  than  in  the  years  preceeding.  The  parsley  like  foliage  has  also 
disappeared  m  ith  pithiness,  but  there  is,  however,  a  hirge  per  cent  of 
green  stalks. 

The  small  amount  and  narrow  limit  of  our  work,  will  perhaps,  not 
justify  us  in  making  an  absolutely  correct  statement  as  to  what  this 
change  in  the  American  seetl  is  due.  We  think  the  cause  of  this  less 
amount  of  pithiness  can  be  accounlcil  for  by  the  fact  that  there  has  been 
considerable  agitation  of  the  (juestion  and  the  growers  of  American  celery 
seed  have  been  weeding  out  more  of  the  pithy  plants  from  their  seeil.l>eds 
than  foi-merly. 

A  careful  study  of  table  IV  will  show  that  there  is  still  a  great  im- 
])rovement  needed  in  American  celery  seed  in  order  to  liring  it  up  lo  I  he 
excellent  standard  of  Velmorins. 

The  greeu  stalks  also  must  be  eliminated  for  they  are  the  cause  of 
much  loss.  The  extensive  growers  in  Maryland  are  now  growing  Golden 
Self  Blanching  variety  in  rows.  The  earth  is  worked  up  to  the  plant 
with  celery  hillers.  Late  in  the  fall  the  plants  being  only  partially 
blanched  are  stored  in  trenches  in  the  field  or  in  the  cellars,  etc.  to  finish 
the  blanching  process.  Under  such  conditions  the  groAvers  claim  the 
green  plants  are  entirely  useless  and  have  to  be  thrown  away,  as  they  will 
not  blanch  so  as  to  become  marketable  under  the  same  condition  as  the 
Ciolden  stock. 

It  is  surpi'ising  the  number  of  green  i)lants  that  con)e  from  some  of 
the  seed  as  sold  upon  the  market.  And  to  the  green  plants  must  be  add- 
ed the  number  of  pithy  ones,  which  make  in  some  instances  as  high  as 
twenty-five  to  fifty  per  Oent  of  impurities  and  imperfections  in  the  celery 
seed.  To  one  who  is  familiar  with  both  the  American  and  French  seed, 
there  is  exceedingly  strong  indications  that  some  of  the  celery  seed  sold 
for  French  stock  contains  from  fifteen  to  forty  per  cent  of  American  grown 
seed.  This  mixture  of  seed  can  easily  be  detected  if  one  will  exiimjne 
pure  French  stock  in  comparison  with  pure  American  stock.  The  pure 
French  seed  of  Golden  Self  Blanching  is  very  much  smaller  than  pure 
seed  of  the  American  Golden  Self  Blanching.  There  is  also  a  difference 
in  the  growth  of  the  plants,  for  the  French  plants  are  smaller  and  more 
compact,  than  the  plants  from  the  American  seed.. 

A  grower  by  careful  attention  and  observation  can  soon  be  able  to 
tell  the  difference  in  seed  so  as  not  to  be  imposed  upon  by  dealers  selling 
mixed  seed.  The  temptation  to  mix  seed  comes  from  the  fact  that  the 
French  seed  is  worth  from  one  to  three  dollars  per  pound  more  than  the 
American  seed. 

With  the  submission  of  the  above  report,  we  feel  that  we  have  done 
about  all  that  is  necessary  for  us  to  do  in  order  to  show  that  perseverance 
and  forethought  must  be  observed  in  order  to  bring  the  American  seed  up 
to  the  excellent  standard  of  the  seed  grown  by  Velmorin.    While  it  still 
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leaves  many  matters  unexplained,  it  proved  beyond  donbt,  in  our  minds 
that  it  is  not  climatic  conditions,  but  the  seed  that  causes  pithiness  in  the 
stalk  of  celery. 

We  believe  that  carele.ssnes.s  somewhere  is  the  cause  of  thi.s  defect  in 
American  celery  seed.  And  that  just  as  good  seed  can  be  grown  in  this 
country  as  in  Europe,  if  oui  growers  will  give  the  same  care  and  attention 
to  it.  In  our  work  it  has  been  the  rai'est  case  to  iind  a  pithy  or  green 
stalk  in  celery  seed  that  is  imported  direct  from  the  best  growers  in 
Europe.  We  believe  that  such  a  record  can  be  established  by  our  Ameri- 
can growers,  if  they  will  "rogue"  their  plants,  1)y  removing  all  plants 
that  are  pithy"  ami  that  do  not  conform  to  the  type  of  the  variety 
wanted. 
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"  S(t,  Sept.     I!K)2,  The  Influence  of  Preservatives  on  the  Food  Value  of  Milk. 

-  87,  Nov.     1902  The  Periodical  Cicada,  or  Seventeen  year  Locust. 

"        "88,  May,      1903.  Economical  Method.s  for  Improving  the  Keeping Qualiiifs  of  Milk. 
"  8si.  Jnne,     1903,  Rxperimeots  with  Potash  Fertilizers. 

iio.  Dec,    1x03,  Exoeriments  on  the  Control  of  San  Jose  Scale, 
"   91.  Feb.,     1:01,  Experiments  wilh  Nitroo'enous  Fertilizers. 

•  92.Mch.,  IvOI.  Notes  on  Apple  Culture 

•  it.l.  May,  1904,  Second  Beport  on  the  J'.thine-is  of  Celery. 
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